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ASCO)2015:)

)

• %High%quality%phase%III%surgical%study%

• %Unequivocal%results%:%
–  Increase%of%OS%and%DFS%aGer%elec)ve%neck%dissec)on%
–  Reduc)on%by%36%%of%the%risk%of%death%aGer%elec)ve%neck%dissec)on%

• %Change%of%clinical%prac)ce%:%%
elec)ve%neck%dissec)on%become%the%standard%of%treatment%)



Neck)dissecHon%before%or%aGer%RCT%in%N+%pa)ents%
versus%neck%dissec)on%based)on)PET)findings%aGer%RCT%

Hi.M.)Mehanna,)et)al.,)ASCO)2015,)CSS)6009)

ComplicaHons) Planned)neck)dissecHon) Follow7up)(PET))

Before)RCT) AVer)RCT) Total) Total)

N.%of%complica)ons% 35% 134% *169% *113%

N.%of%pa)ents%with%at%least%1%complica)on% 25% 87% 112% 89%

%%of%pa)ents%with%at%least%1%complica)on% 32,5%% 42,4%% 39,7%% 37,6%%

  

*p=0,001%

•  Survival%rates%are%iden)cal%in%the%two%arms%with%less%complica)ons%in%the%

follow\up%arm%(PET)%

•  PET\guided%follow\up%is%not%detrimental%and%becomes%the%standard%

Conclusions))



•  November%1998%–%June%2006,%%

•  650%pts,%83%%stadio%III\IV%

•  2%Gy/day,%7%wks,%68%Gy%vs.%%

%1.1%Gy%+%2Gy/day,%4.5%wks,%68%Gy%

)
Conclusions:))

)
• )No)significant)difference)between)the)two)arms)

• %A%trend%for%AF%in%oral%cancer%pa)ents%should%be%further%inves)gated%

• %A%larger%cohort%could%allow%to%highlight%some%difference%%

%

)

)



•  January%1992%–%December%1999%

•  T1\T2:%86%%

•  TD:%62\68%Gy%in%5%vs.%6%days/wk%

)
Conclusions:))

)
Advantage)for)the)6)days)schedule)

)

)



•  March%1995%–%June%1999,%%

•  384%pts%

•  30%Gy%(2%Gy/day)%+%1.4%Gy%bid%up%to%70.6Gy%

and%MitC\5FU%vs.%16%Gy%(2%Gy/day)%+%1.4%
Gy%bid%up%to%77.6Gy%

)
Conclusions:))

)
C7HART)remains)superior)to)HART)in)terms)of)LRC.))

However,)this)effect)may)be)limited)to)oropharyngeal)cancer)

paHents.)
Acute)toxicity)but)not)late)toxicity)was)increased).)

)



Only randomised controlled trials 
assigning HNSCC patients 
randomly to conventionally 
fractionated CCRT or AFRT 
alone were included. 

)
Conclusion:))

There)is)moderate)quality)evidence)that)

convenHonally)fracHonated)CCRT)improves)

survival)outcomes)compared)with)AFRT)

alone)in)the)management)of)locoregionally)
advanced)HNSCC.))

No)form)of)acceleraHon)can)potenHally)

compensate)fully)for)the)lack)of)concurrent)

chemotherapy.)

)



Chemioterapia)di)Induzione)
•  Cohen%et%al,%JCO,%2014:%fase%III,%TPF%pre\CRT%in%N2/N3%–%neg)

•  Zhong%et%al,%Oncotarget,%2015:%fase%III,%TPF%pre\CH%in%cavo%orale%–%neg)

•  Marta%et%al,%EJC,%2015:%metanalisi,%CT%preCH%+/\RT%–%neg%(a%parte%forse%cN2)%

•  Zhang)et)al,)Sci)Rep,)2015:)metanalisi,)IC+CCRT)vs.)CCRT)7)neg)



•  Janorary)et)al)(GORTEC)2000701),)ASCO)2015:))
%213%pz,%stadio%III/IV%laringe/ipofaringe%

%TPF)vs.)PF%seguito%da%RT%(nei%responders)%aumenta%la%

preservazione%della%laringe%e%sopravvivenza%senza%disfunzione%

laringea%(67.2%%a%5%aa)%–%raccomandato,TPF,+,RT,

•  Mesia)et)al,)ASCO)2015:))

%93%pz,%stadio%III/IVa%laringe%

%TPF)seguito)da)RT7cetuximab%(nei%responders)%dà%al)%tassi%di%
sopravvivenza%senza%disfunzione%laringo\esofagea%(69.5%%a%

3aa)%–%merita,fase,III,

Preservazione)d’Organo:)Induzione)



Preservazione)d’Organo:)Il)problema)del)T4)(laringe))

•  Rosenthal,DI,(MDACC),,Cancer,2015:,,
%60%pz%T4%preservazione%%

%vs.%%

%161%pz%T4%laringectomia%

•  Grover,et,al,(U,Penn),,IJROBP,2015:,,
%616%pz%T4a%preservazione%%

%vs.%%

%353%pz%T4a%laringectomia%

%%
 

T4 laringe ! Chirurgia 
)



Target)Therapy:)Panitumumab)
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Chemoradiotherapy with or without panitumumab in 
patients with unresected, locally advanced squamous-cell 
carcinoma of the head and neck (CONCERT-1): a randomised, 
controlled, open-label phase 2 trial
Ricard Mesía, Michael Henke, Andre Fortin, Heikki Minn, Alejandro Cesar Yunes Ancona, Anthony Cmelak, Avi B Markowitz, Sebastien J Hotte, 
Simron Singh, Anthony T C Chan, Marco C Merlano, Krzysztof Skladowski, Alicia Zhang , Kelly S Oliner, Ari VanderWalde, Jordi Giralt

Summary
Background Panitumumab is a fully human monoclonal antibody that targets EGFR. We aimed to compare 
chemoradiotherapy plus panitumumab with chemoradiotherapy alone in patients with unresected, locally advanced 
squamous-cell carcinoma of the head and neck.

Methods In this international, open-label, randomised, controlled, phase 2 trial, we recruited patients with locally 
advanced squamous-cell carcinoma of the head and neck from 41 sites in nine countries worldwide. Patients aged 
18 years and older with stage III, IVa, or IVb, previously untreated, measurable (≥10 mm for at least one dimension), 
locally advanced squamous-cell carcinoma of the head and neck (non-nasopharygeal) and an Eastern Cooperative 
Oncology Group performance status of 0–1 were randomly assigned (2:3) by an independent vendor to open-label 
chemoradiotherapy (three cycles of cisplatin 100 mg/m²) or panitumumab plus chemoradiotherapy (three cycles of 
intravenous panitumumab 9·0 mg/kg every 3 weeks plus cisplatin 75 mg/m²) using stratifi ed randomisation with a 
block size of fi ve. All patients received 70 Gy to gross tumour and 50 Gy to areas at risk for subclinical disease with 
standard fractionation. The primary endpoint was local-regional control at 2 years, analysed in all randomised patients 
who received at least one dose of their assigned protocol-specifi c treatment (chemotherapy, radiation, or panitumumab). 
The trial is closed and this is the fi nal analysis. This trial is registered with ClinicalTrials.gov, number NCT00500760.

Findings Between Oct 26, 2007, and March 26, 2009, 153 patients were enrolled and 150 received treatment (63 in the 
chemoradiotherapy group and 87 in the panitumumab plus chemoradiotherapy group). Local-regional control at 
2 years was 68% (95% CI 54–78) in the chemoradiotherapy group and 61% (50–71) in the panitumumab plus 
chemoradiotherapy group. The most frequent grade 3–4 adverse events were dysphagia (17 [27%] of 63 patients in the 
chemoradiotherapy group vs 35 [40%] of 87 in the panitumumab plus chemoradiotherapy group), mucosal 
infl ammation (15 [24%] vs 48 [55%]), and radiation skin injury (eight [13%] vs 27 [31%]). Serious adverse events were 
reported in 20 (32%) of 63 patients in the chemoradiotherapy group and in 37 (43%) of 87 patients in the panitumumab 
plus chemo radio therapy group.

Interpretation In patients with locally advanced squamous-cell carcinoma of the head and neck, the addition of 
panitumumab to standard fractionation radiotherapy and cisplatin did not confer any benefi t, and the role of EGFR 
inhibition in these patients needs to be reassessed.

Funding Amgen.

Introduction
Squamous-cell carcinoma of the head and neck is an 
aggressive cancer associated with tobacco and alcohol use, 
or infection with human papillomavirus (HPV). Treatment 
options include surgery, radiation therapy, chemotherapy, 
targeted therapies, or a combination of therapies.1

Panitumumab (Vectibix, Amgen, Thousand Oaks, CA, 
USA) is a fully human monoclonal antibody that targets 
EGFR. Preclinical data suggest panitumumab might 
enhance the biological activity of radiation therapy, and 
results of a phase 1 trial showed that panitumumab plus 
chemoradiotherapy was well tolerated in patients with 
locally advanced squamous-cell carcinoma of the head 
and neck.2,3

The CONCERT trials (CONcomitant Chemotherapy 
and/or EGFR inhibition with Radiation Therapy) are two 
international, randomised, controlled, phase 2 trials 
designed to explore panitumumab as an adjunct or 
substitute for cisplatin-based chemotherapy in combina-
tion with radiation therapy for defi nitive treatment of 
locally advanced squamous-cell carcinoma of the head 
and neck.

CONCERT-1, described here, sought to assess the 
potential for additive benefi t of a combination of 
panitumumab plus a dose-reduced cisplatin-based 
chemo  radiotherapy compared with standard-dose 
chemo radiotherapy alone. Together, the CONCERT 
studies were designed to elucidate the contribution of 
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Introduction
Squamous-cell carcinoma of the head and neck is an 
aggressive cancer associated with tobacco and alcohol use, 
or infection with human papillomavirus (HPV). Treatment 
options include surgery, radiation therapy, chemotherapy, 
targeted therapies, or a combination of therapies.1

Panitumumab (Vectibix, Amgen, Thousand Oaks, CA, 
USA) is a fully human monoclonal antibody that targets 
EGFR. Preclinical data suggest panitumumab might 
enhance the biological activity of radiation therapy, and 
results of a phase 1 trial showed that panitumumab plus 
chemoradiotherapy was well tolerated in patients with 
locally advanced squamous-cell carcinoma of the head 
and neck.2,3

The CONCERT trials (CONcomitant Chemotherapy 
and/or EGFR inhibition with Radiation Therapy) are two 
international, randomised, controlled, phase 2 trials 
designed to explore panitumumab as an adjunct or 
substitute for cisplatin-based chemotherapy in combina-
tion with radiation therapy for defi nitive treatment of 
locally advanced squamous-cell carcinoma of the head 
and neck.

CONCERT-1, described here, sought to assess the 
potential for additive benefi t of a combination of 
panitumumab plus a dose-reduced cisplatin-based 
chemo  radiotherapy compared with standard-dose 
chemo radiotherapy alone. Together, the CONCERT 
studies were designed to elucidate the contribution of 
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or study sponsor; pregnancy; ineligibility; a substantial 
protocol deviation; patient non-compliance; or adverse 
events. If a patient (or a legally acceptable representative) 
requested or decided to withdraw from the study, all 
eff orts were made to complete and report all 
observations as thoroughly as possible up to the date of 
withdrawal.

For the biomarker analysis, we obtained HPV data from 
available baseline tumour samples before data cutoff  for 
the primary analysis. All available samples were tested for 
HPV status, irrespective of tumour site, because at the 
time of the study, we did not know whether HPV-
associated cancers could arise from non-oropharyngeal 
sites, such as the oral cavity, nasopharynx, or larynx. HPV 
status of the tumour samples was established by an 
independent, masked central laboratory (Clarient, Aliso 
Viejo, CA, USA) using a validated immunohistochemistry 
assay (CINtec histology kit; Ventana Medical Systems, 
Tucson, AZ, USA) for detection of p16INK4A. Tumour 
specimens were scored as positive, negative, or failed 
according to a prespecifi ed immunohistochemistry 
scoring guideline.6 Positivity was defi ned as uniform 
staining in 10% or more of tumour cells. Additionally, we 
also did an exploratory analysis that defi ned positivity as 
uniform staining in 70% or more of tumour cells. We 
summarise descriptive effi  cacy results according to extent 
of tumour cells containing p16.

Central radiation therapy quality assurance for all 
patients was done by the Quality Assurance Review 
Center (QARC, Lincoln, RI, USA), which was responsible 
for adjudication of radiotherapy planning and protocol 
deviations. Two radiotherapy reviews were required. 

Rapid review required that the treatment plan (including 
planning imaging, dosimetry summaries, descriptions of 
all portals, calculation worksheets, and dosevolume 
histograms) be submitted within 1 week of starting 
treatment. Feedback from rapid review was returned to 
the treating centre, which implemented corrective action 
(if applicable) and responded to QARC recommendations. 
Final review occurred within 1 month of completion of 
radiotherapy when radiation data were submitted. Major 
deviations of radiotherapy included prolongation of 
treatment by more than 10 days, greater than 3% of the 
planning target volume (PTV1) receiving less than 93% 
of the prescribed dose, greater than 25% of PTV1 
receiving greater than 110% of the dose, greater than 10% 
of PTV1 receiving greater than 115% of the dose, or 
greater than 1% of spinal cord receiving greater than 
50 Gy. If reviewers thought that volumes were drawn 
inappropriately, deviation assignment was based on the 
corrected volumes. A written report of the fi nal review 
was created by QARC.

Outcomes
The primary endpoint of the study was the proportion of 
patients who achieved local-regional control at 2 years 
after randomisation. Local-regional control was defi ned as 
clinical or radiographical absence of disease at the primary 
site and within radiation fi elds occurring at any time after 
initiation of treatment and before initiation of new 
anticancer therapy (therapeutic neck dissections were 
allowed). Local-regional control at 2 years is a common 
primary endpoint and valid variable to measure effi  cacy in 
patients with head and neck cancer because local-regional 

Figure 1: Trial profi le

188 screened for eligibility

35 ineligible

153 patients randomly assigned

89 assigned to panitumumab plus 
chemoradiotherapy

64 assigned to chemoradiotherapy

2 did not receive any study medication

87 received at least one dose of 
study medication

63 received at least one dose of 
study medication

1 did not receive any study medication

38 tumour sample available and 
HPV testing completed

61 tumour sample available and 
HPV testing completed

26 tumour sample unavailable for 
HPV testing

25 tumour sample unavailable for 
HPV testing

26 p16-positive 35 p16-negative 16 p16-positive 22 p16-negative

Conclusions:%the%addi)on%of%panitunumab%to%standard%

RT%and%cispla)n%do%not%confer%any%benefit%and%has%a%

higher%toxicity%
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Figure 2: Kaplan-Meier curves 
of local-regional control, 
progression-free survival, 
and overall survival in the 
effi  cacy analysis set
 (A) Local-regional control, 
calculated from the fi rst day of 
any study treatment 
(radiotherapy, chemotherapy, 
or panitumumab if applicable) 
to the date of fi rst local-
regional failure or to death due 
to any cause (whichever 
occurred fi rst). Patients who 
did not have regional 
recurrence by the data cutoff  
were censored at last local-
regional control assessment 
date or tumour assessment 
date (if no local-regional 
control assessment had been 
done). Three patients in each 
treatment group did not have 
a local-regional control 
assessment before subsequent 
therapy or during the study (if 
no subsequent therapy was 
administered) and were not 
included in this analysis. 
(B) Progression-free survival, 
defi ned as time from the fi rst 
day of any study treatment to 
date of fi rst disease 
progression per WHO criteria 
or death; patients not meeting 
these criteria by the analysis 
data cutoff  date had their 
progression-free survival time 
censored at their last evaluable 
disease assessment date. 
(C) Overall survival, defi ned as 
time from the fi rst day of 
study treatment to date of 
death; patients who had not 
died by the analysis data cutoff  
date were censored at their 
last contact date.
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Panitumumab plus radiotherapy versus chemoradiotherapy 
in patients with unresected, locally advanced squamous-cell 
carcinoma of the head and neck (CONCERT-2): a randomised, 
controlled, open-label phase 2 trial
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Summary
Background We aimed to compare panitumumab, a fully human monoclonal antibody against EGFR, plus 
radiotherapy with chemoradiotherapy in patients with unresected, locally advanced squamous-cell carcinoma of the 
head and neck.

Methods In this international, open-label, randomised, controlled, phase 2 trial, we recruited patients with locally 
advanced squamous-cell carcinoma of the head and neck from 22 sites in eight countries worldwide. Patients aged 
18 years and older with stage III, IVa, or IVb, previously untreated, measurable (≥10 mm for at least one dimension), 
locally advanced squamous-cell carcinoma of the head and neck (non-nasopharygeal) and an Eastern Cooperative 
Oncology Group performance status of 0–1 were randomly assigned (2:3) by an independent vendor to open-label 
chemoradiotherapy (two cycles of cisplatin 100 mg/m² during radiotherapy) or to radiotherapy plus panitumumab 
(three cycles of panitumumab 9 mg/kg every 3 weeks administered with radiotherapy) using a stratifi ed randomisation 
with a block size of fi ve. All patients received 70–72 Gy to gross tumour and 54 Gy to areas of subclinical disease with 
accelerated fractionation radiotherapy. The primary endpoint was local-regional control at 2 years, analysed in all 
randomly assigned patients who received at least one dose of their assigned protocol-specifi c treatment (chemotherapy, 
radiation, or panitumumab). The trial is closed and this is the fi nal analysis. This study is registered with ClinicalTrials.
gov, number NCT00547157.

Findings Between Nov 30, 2007, and Nov 16, 2009, 152 patients were enrolled, and 151 received treatment (61 in 
the chemoradiotherapy group and 90 in the radiotherapy plus panitumumab group). Local-regional control at 
2 years was 61% (95% CI 47–72) in the chemoradiotherapy group and 51% (40–62) in the radiotherapy plus 
panitumumab group. The most frequent grade 3–4 adverse events were mucosal infl ammation (25 [40%] of 
62 patients in the chemoradiotherapy group vs 37 [42%] of 89 patients in the radiotherapy plus panitumumab 
group), dysphagia (20 [32%] vs 36 [40%]), and radiation skin injury (seven [11%] vs 21 [24%]). Serious adverse 
events were reported in 25 (40%) of 62 patients in the chemoradiotherapy group and in 30 (34%) of 89 patients in 
the radiotherapy plus panitumumab group.

Interpretation Panitumumab cannot replace cisplatin in the combined treatment with radiotherapy for unresected 
stage III–IVb squamous-cell carcinoma of the head and neck, and the role of EGFR inhibition in locally advanced 
squamous-cell carcinoma of the head and neck needs to be reassessed.

Funding Amgen.

Introduction
Monoclonal antibodies against EGFR have shown 
effi  cacy in both metastatic and locally advanced head and 
neck cancer.1,2 In the locally advanced setting, Bonner 
and colleagues2,3 reported that the anti-EGFR antibody 
cetuximab in combination with radiotherapy is more 
eff ective than radiotherapy alone.

Radiotherapy alone is no longer the standard of care for 
patients with locally advanced disease with the proven 
effi  cacy of cisplatin-based chemoradiotherapy.4 Although 
the addition of anti-EGFR antibodies to cisplatin-based 
chemoradiotherapy has not been shown to have a 
signifi cant advantage over chemoradiotherapy alone,5,6 

no studies formally testing the substitution of cisplatin 
with an anti-EGFR antibody in a randomised trial have 
yet been reported.

Panitumumab (Vectibix, Amgen, Thousand Oaks, CA, 
USA), a fully human monoclonal anti-EGFR antibody, 
has shown a progression-free survival advantage in 
patients with metastatic squamous-cell carcinoma of the 
head and neck, although without a signifi cant overall 
survival benefi t,7 and has been shown to have an 
enhanced eff ect in combination with radiation in the 
preclinical setting.8

The CONCERT trials (CONcomitant Chemotherapy 
and/or EGFR inhibition with Radiation Therapy) are two 
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Role of the funding source
Amgen funded the trial, and was responsible for data 
collection and the statistical analyses. The trial was 

designed by the funder in collaboration with the study 
steering committee. The funder, study steering 
committee, and coauthors were involved in the 
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Figure 2: Kaplan-Meier 
distribution curves of local-

regional control, 
progression-free survival, 
and overall survival in the 

effi  cacy analysis set
(A) Local-regional control, 

calculated from the fi rst day of 
any study treatment 

(radiotherapy, chemotherapy, 
or panitumumab if applicable) 

to the date of fi rst local-
regional failure or to death due 

to any cause (whichever 
occurred fi rst). Patients who 

did not have regional 
recurrence by the data cutoff  

were censored at last local-
regional control assessment 
date or tumour assessment 

date (if no local-regional 
control assessment had been 

done). (B) Progression-free 
survival, defi ned as time from 

the fi rst day of any study 
treatment to date of fi rst 

disease progression per WHO 
criteria or death; patients not 
meeting these criteria by the 
analysis data cutoff  date had 

their progression-free survival 
time censored at their last 

evaluable disease assessment 
date. (C) Overall survival, 

defi ned as time from the fi rst 
day of study treatment to date 

of death; patients who had 
not died by the analysis data 
cutoff  date were censored at 

their last contact date. 
HR=hazard ratio.
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and overall survival in the 
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(A) Local-regional control, 

calculated from the fi rst day of 
any study treatment 

(radiotherapy, chemotherapy, 
or panitumumab if applicable) 

to the date of fi rst local-
regional failure or to death due 

to any cause (whichever 
occurred fi rst). Patients who 

did not have regional 
recurrence by the data cutoff  

were censored at last local-
regional control assessment 
date or tumour assessment 

date (if no local-regional 
control assessment had been 

done). (B) Progression-free 
survival, defi ned as time from 

the fi rst day of any study 
treatment to date of fi rst 

disease progression per WHO 
criteria or death; patients not 
meeting these criteria by the 
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(QARC; Lincoln, RI, USA), which was responsible for 
adjudication of radiotherapy planning and protocol 
deviations. Two radiotherapy reviews were required. 
Rapid review required that the treatment plan (including 
planning imaging, dosimetry summaries, descriptions 
of all portals, calculation worksheets, and dose–volume 
histograms) be submitted within 1 week of starting 
treatment. Feedback from the rapid review was returned 
to the treating centre, which implemented corrective 
action, if applicable. Final review occurred within 
1 month of completion of radiotherapy when radiation 
data were submitted. Major deviations of radiotherapy 
included prolongation of treatment for more than 
10 consecutive days, greater than 3% PTV1 receiving 
less than 93% prescribed dose, greater than 25% PTV1 
receiving greater than 110% dose, greater than 10% 
PTV1 receiving greater than 115% dose, or greater than 
1% spinal cord receiving 50 Gy or more. If reviewers 
thought that volumes were drawn inappropriately, 
deviation assignment was based on the corrected 
volumes. A written report of the fi nal review was created 
by QARC.

Outcomes
The primary endpoint of the study was the proportion of 
patients who achieved local-regional control at 2 years 
after randomisation. Local-regional control was defi ned 
as clinical or radiographic absence of disease at the 
primary site and within the radiation fi elds that occurred 
at any time after initiation of treatment and before new 

anticancer therapy (therapeutic neck dissections were 
allowed). Local-regional control failure was defi ned as 
loss of previously achieved local-regional control. To 
achieve local-regional control at 2 years, a patient had to 
achieve local-regional control at some point after 
treatment, with persistent control at 2 years. Patients 
who never achieved local-regional control were thought 
to have persistent disease and local-regional failure from 
the beginning of the study. Patients who achieved local-
regional control earlier and did not have local-regional 
failure until the data cutoff  date were censored at the last 
evaluable disease assessment date before the data cutoff  
date. The proportion of patients who achieved local-
regional control at 2 years was estimated from Kaplan-
Meier analysis.

Secondary effi  cacy endpoints were progression-free 
survival, defi ned as time from fi rst study treatment to any 
recurrence, distant metastasis, or death from any cause; 
overall survival, measured from fi rst study treatment to 
death; duration of local-regional control, defi ned as the 
period from fi rst study treatment until local-regional 
failure or to death from any cause; proportion of patients 
with local-regional control at 6 months and 1 year, defi ned 
as the Kaplan-Meier estimate of the proportion of patients 
with local-regional control at 6 months and 1 year; the 
proportion of patients with a complete response by 
6 months, defi ned using a modifi ed version of the WHO 
criteria during the fi rst 6 months (plus 2 weeks) after 
randomisation; the proportion of patients with an overall 
response by 6 months, defi ned as the incidence of 

Figure 1: Trial profi le
*One patient received only radiotherapy and not panitumumab and was not included in the safety analyses.

180 screened for eligibility

152 patients randomly assigned

62 to chemoradiotherapy

61 received at least one dose of study 
 medication 

90 received at least one dose of study 
 medication* 

1 did not receive any study medication 

39 tumour sample available and 
 HPV testing completed

9 p16-positive 30 p16-negative 15 p16-positive 45 p16-negative

90 to panitumumab plus radiotherapy

28 ineligible

22 tumour sample unavailable 
 for HPV testing

30 tumour sample unavailable 
 for HPV testing

60 tumour sample available and 
 HPV testing completed
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A B S T R A C T

Purpose
Combining cisplatin or cetuximab with radiation improves overall survival (OS) of patients with
stage III or IV head and neck carcinoma (HNC). Cetuximab plus platinum regimens also increase
OS in metastatic HNC. The Radiation Therapy Oncology Group launched a phase III trial to test the
hypothesis that adding cetuximab to the radiation-cisplatin platform improves progression-free
survival (PFS).

Patients and Methods
Eligible patients with stage III or IV HNC were randomly assigned to receive radiation and cisplatin
without (arm A) or with (arm B) cetuximab. Acute and late reactions were scored using Common
Terminology Criteria for Adverse Events (version 3). Outcomes were correlated with patient and
tumor features and markers.

Results
Of 891 analyzed patients, 630 were alive at analysis (median follow-up, 3.8 years). Cetuximab
plus cisplatin-radiation, versus cisplatin-radiation alone, resulted in more frequent interruptions
in radiation therapy (26.9% v 15.1%, respectively); similar cisplatin delivery (mean, 185.7
mg/m2 v 191.1 mg/m2, respectively); and more grade 3 to 4 radiation mucositis (43.2% v
33.3%, respectively), rash, fatigue, anorexia, and hypokalemia, but not more late toxicity. No
differences were found between arms A and B in 30-day mortality (1.8% v 2.0%, respectively;
P ! .81), 3-year PFS (61.2% v 58.9%, respectively; P ! .76), 3-year OS (72.9% v 75.8%,
respectively; P ! .32), locoregional failure (19.9% v 25.9%, respectively; P ! .97), or distant
metastasis (13.0% v 9.7%, respectively; P ! .08). Patients with p16-positive oropharyngeal
carcinoma (OPC), compared with patients with p16-negative OPC, had better 3-year probability
of PFS (72.8% v 49.2%, respectively; P " .001) and OS (85.6% v 60.1%, respectively; P "
.001), but tumor epidermal growth factor receptor (EGFR) expression did not distinguish outcome.

Conclusion
Adding cetuximab to radiation-cisplatin did not improve outcome and hence should not be
prescribed routinely. PFS and OS were higher in patients with p16-positive OPC, but outcomes did
not differ by EGFR expression.

J Clin Oncol 32:2940-2950. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Treatment of patients with locally advanced head
and neck carcinomas (HNCs) remains a challenge.
A thorough meta-analysis of randomized trials1

showed that adding cisplatin concurrently to radio-
therapy improved progression-free survival (PFS),
overall survival (OS), and organ preservation, but
only approximately 50% of patients survived more

than 5 years. Moreover, radiation-cisplatin regi-
mens induce severe acute and late morbidity.2 These
observations inspired the search for alternative ther-
apy approaches.

Available data showed that most HNCs express
high levels of epidermal growth factor receptor
(EGFR),3-5 that high EGFR expression was associ-
ated with poor response to radiation4 or chemora-
diotherapy,5 and that EGFR inhibitors sensitized
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tumors to cisplatin6 or radiation.7-9 A pivotal trial of the anti-EGFR
antibody cetuximab and radiation therapy demonstrated that admin-
istering eight weekly doses of cetuximab concurrently with radiother-
apy to patients with previously untreated locally advanced HNC
significantly improved the median survival time and rates of locore-
gional control (LRC) and OS without increasing radiation-associated
acute toxicity.10 Furthermore, in patients with metastatic disease, add-
ing cetuximab to cisplatin increased the response rate.11 Another
ongoing trial addressed the combination of cetuximab and platinum-
based therapy, ultimately with positive results.12 Because cetuximab
enhances HNC response to both radiation and cisplatin, it was hy-
pothesized that adding cetuximab to the radiation-cisplatin platform
would improve PFS of patients with locally advanced HNC. Although
a phase II trial of a radiation-cisplatin-cetuximab triplet was closed
early because of two deaths, one myocardial infarction, one case of
bacteremia, and one case of atrial fibrillation,13 longer follow-up data
revealed encouraging rates of 3-year OS and LRC. Therefore, Radia-
tion Therapy Oncology Group (RTOG) investigators launched a

phase III trial (RTOG 0522), with close monitoring, to examine the
efficacy of this triplet. This article presents the overall outcome and
results of planned correlative studies.

PATIENTS AND METHODS

Protocol and Treatment
Eligible patients had untreated, histologically confirmed, stage III or IV

(T2N2-3M0 or T3-4, any N, M0) squamous cell carcinoma of the oropharynx,
hypopharynx, or larynx; Zubrod performance status 0 to 1; age ! 18 years; any
tobacco status; and adequate bone marrow, hepatic, and renal functions.
Lifetime tobacco exposure was determined at enrollment using a standard-
ized questionnaire.

Patients were stratified by tumor site (larynx v other), nodal stage (N0 v
N1-N2b v N2c-N3), Zubrod performance status (0 v 1), use of intensity-
modulated radiotherapy (IMRT; yes v no), and receipt of pretreatment fused
positron emission tomography/computed tomography scan (yes v no), and
were randomly assigned to radiotherapy with concurrent cisplatin without
(arm A) or with cetuximab (arm B) in a 1:1 ratio using permuted block

Assigned to RT + cisplatin
   Excluded
      Did not meet inclusion criteria
      No data after random assignment

Randomly assigned
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Fig 1. CONSORT diagram. RT,
radiotherapy.
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Definitive radiotherapy (RT) is a cor-
nerstone of the treatment of local-
ly advanced head and neck squamous 
cell carcinoma (LAHNSCC). In the 
MACH-NC (meta-analysis of chemo-
therapy in head and neck cancer), a 
survival benefit was demonstrated by 
the addition of chemotherapy (CT) to 
RT, especially concomitant chemora-
diotherapy (CRT) [1, 2], but the op-
timal concurrent regimen has not yet 
been defined. In fact, indirect compar-
isons in the MACH-NC suggested a 
greater benefit for platinum-based as 
compared with other CT regimens but 
there is no randomized trial evaluating 
this question. Although it is associated 
with severe acute and late toxicities and 
poor compliance, cisplatin monother-
apy (100 mg/m2 on days 1, 22, and 43 
of RT) is often considered the preferred 
regimen [3–5].

Concomitant bioradiotherapy (BRT) 
with the epidermal growth factor re-
ceptor (EGFR) inhibitor cetuximab has 
demonstrated a significantly increased 
overall survival (OS) and locoregion-
al control (LRC) compared to those re-
ceiving RT alone in one randomized 
controlled trial [6]. In the randomized 
phase II GORTEC (Groupe d’Oncologie 
Radiothérapie Tête Et Cou) Tremplin 
study that assessed the two regimens af-

ter induction CT, compliance was high-
er in the biotherapy arm but no differ-
ence in outcomes were reported [7]. A 
retrospective series suggested that pa-
tients receiving BRT had a lower LRC 
and OS compared with patients receiv-
ing cisplatin-based CRT [8], while an-
other one did not find any differences 
in outcome between the two therapeu-
tic modalities [9]. It is generally consid-
ered that cetuximab-based BRT is well 
tolerated with mild toxicity. However, 
one retrospective study found that BRT 
caused significantly more toxicity than 
CRT, although BRT did not increase the 
frequency of treatment interruptions 
or delay [10, 11]. On the other hand, in 
the RTOG (Radiation Therapy Oncolo-
gy Group) 91-11 trial, CRT induced fre-
quent severe (grade 3 and 4) adverse 
events (82 %) and only 120/172 patients 
(70 %) completed all three cycles of cis-
platin [12]. In the absence of randomized 
trial assessing this comparison, we decid-
ed to evaluate the outcomes of LAHN-
SCC patients treated at our institute with 
definitive BRT or CRT.

Patients and methods

Patients

From March 2006 to October 2012, 
597 consecutive patients with newly di-
agnosed squamous cell carcinoma of the 
oral cavity, oropharynx, larynx, or hypo-
pharynx registered in the head and neck 
cancer database at Institut Gustave-
Roussy were treated by definitive CRT 
or BRT with curative intent. Postopera-
tive patients or patients treated without 
concomitant treatment were not includ-
ed. Patients were excluded for the fol-
lowing reasons: induction CT prior to 
RT (n = 213), treatment outside of the 
institution (n = 40), death before radio-
therapy (n = 8), concomitant treatment 
not delivered due to intercurrent condi-
tion (n = 8), and other CT regimen em-
ployed (n = 63; mostly 5-fluorouracil [5-
FU] and carboplatin). Of the remaining 
265 patients, 194 (73 %) and 71 (27 %) 
received concomitant CRT and BRT, 
respectively. Baseline patient and tu-
mor characteristics are shown in . Ta-
ble 1. Patients were selected to receive 
cetuximab rather than cisplatin for the 
following reasons: cardiac comorbidity 
(n = 31); clinical trial (n = 18), age > 70 
years (n = 6), auditory concerns (n = 1), 
performance status (n = 1), physician 
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cell carcinoma (LAHNSCC). In the 
MACH-NC (meta-analysis of chemo-
therapy in head and neck cancer), a 
survival benefit was demonstrated by 
the addition of chemotherapy (CT) to 
RT, especially concomitant chemora-
diotherapy (CRT) [1, 2], but the op-
timal concurrent regimen has not yet 
been defined. In fact, indirect compar-
isons in the MACH-NC suggested a 
greater benefit for platinum-based as 
compared with other CT regimens but 
there is no randomized trial evaluating 
this question. Although it is associated 
with severe acute and late toxicities and 
poor compliance, cisplatin monother-
apy (100 mg/m2 on days 1, 22, and 43 
of RT) is often considered the preferred 
regimen [3–5].

Concomitant bioradiotherapy (BRT) 
with the epidermal growth factor re-
ceptor (EGFR) inhibitor cetuximab has 
demonstrated a significantly increased 
overall survival (OS) and locoregion-
al control (LRC) compared to those re-
ceiving RT alone in one randomized 
controlled trial [6]. In the randomized 
phase II GORTEC (Groupe d’Oncologie 
Radiothérapie Tête Et Cou) Tremplin 
study that assessed the two regimens af-

ter induction CT, compliance was high-
er in the biotherapy arm but no differ-
ence in outcomes were reported [7]. A 
retrospective series suggested that pa-
tients receiving BRT had a lower LRC 
and OS compared with patients receiv-
ing cisplatin-based CRT [8], while an-
other one did not find any differences 
in outcome between the two therapeu-
tic modalities [9]. It is generally consid-
ered that cetuximab-based BRT is well 
tolerated with mild toxicity. However, 
one retrospective study found that BRT 
caused significantly more toxicity than 
CRT, although BRT did not increase the 
frequency of treatment interruptions 
or delay [10, 11]. On the other hand, in 
the RTOG (Radiation Therapy Oncolo-
gy Group) 91-11 trial, CRT induced fre-
quent severe (grade 3 and 4) adverse 
events (82 %) and only 120/172 patients 
(70 %) completed all three cycles of cis-
platin [12]. In the absence of randomized 
trial assessing this comparison, we decid-
ed to evaluate the outcomes of LAHN-
SCC patients treated at our institute with 
definitive BRT or CRT.

Patients and methods

Patients

From March 2006 to October 2012, 
597 consecutive patients with newly di-
agnosed squamous cell carcinoma of the 
oral cavity, oropharynx, larynx, or hypo-
pharynx registered in the head and neck 
cancer database at Institut Gustave-
Roussy were treated by definitive CRT 
or BRT with curative intent. Postopera-
tive patients or patients treated without 
concomitant treatment were not includ-
ed. Patients were excluded for the fol-
lowing reasons: induction CT prior to 
RT (n = 213), treatment outside of the 
institution (n = 40), death before radio-
therapy (n = 8), concomitant treatment 
not delivered due to intercurrent condi-
tion (n = 8), and other CT regimen em-
ployed (n = 63; mostly 5-fluorouracil [5-
FU] and carboplatin). Of the remaining 
265 patients, 194 (73 %) and 71 (27 %) 
received concomitant CRT and BRT, 
respectively. Baseline patient and tu-
mor characteristics are shown in . Ta-
ble 1. Patients were selected to receive 
cetuximab rather than cisplatin for the 
following reasons: cardiac comorbidity 
(n = 31); clinical trial (n = 18), age > 70 
years (n = 6), auditory concerns (n = 1), 
performance status (n = 1), physician 

Antonin Levy1 · Pierre Blanchard1 · Sara Bellefqih1 · Nacéra Brahimi1 ·  
Joël Guigay2 · François Janot3 · Stéphane Temam3 · Jean Bourhis1,4 · Eric Deutsch1 · 
Nicolas Daly-Schveitzer1 · Yungan Tao1

1 Department of Radiation Oncology, Gustave Roussy, Villejuif, France
2 Department of Medical Oncology, Gustave Roussy, Villejuif, France
3 Department of Head and Neck Surgery, Gustave Roussy, Villejuif, France
4 Department of Radiation Oncology, University Hospital Lausanne, Lausanne, Switzerland

Concurrent use of cisplatin 
or cetuximab with definitive 
radiotherapy for locally 
advanced head and neck 
squamous cell carcinomas

Strahlenther Onkol 2014 · 190:823–831
DOI 10.1007/s00066-014-0626-0
Received: 6 November 2013
Accepted: 22 January 2014
Published online: 18 March 2014
© Springer-Verlag Berlin Heidelberg 2014

826 | Strahlentherapie und Onkologie 9 · 2014

Original article

Results

Compliance

A total of 108/194 patients (56 %) treat-
ed with CRT received the planned three 
cycles and 178 (92 %) received two cycles 
or more. In all, 70 (36 %) and 16 (8 %) pa-
tients received only two and one cycle of 
cisplatin, respectively. Sixty-two received 
cisplatin only and 14 switched to a differ-
ent drug because of acute cisplatin toxic-
ity, carboplatin/5-FU in three cases and 
carboplatin only in 11. These 14 patients 
were analyzed as part of the CRT group.

A total of 56/71 patients (79 %) treat-
ed with cetuximab received six cycles or 
more. Three patients received only one 

cycle and switched to a different drug 
because of allergic reactions, with two 
switched to carboplatin, and one to cispl-
atin. These three patients were analyzed as 
part of the BRT group.

Compliance with RT was excellent, 
as only four patients (three in the CRT 
group, one in the BRT group) discon-
tinued prematurely: two died during RT 
(septic shock and mesenteric infarction, 
one patient in each group) and two pa-
tients decided to stop treatment (CRT 
group). Median RT duration was 49 days 
in both groups. There were no differences 
in terms of radiotherapy delivered (dose, 
fractionation, duration, technique) be-
tween the two groups (. Table 1).

Survival

A total of 78 patients (29 %) died with a 
median follow-up of 29 months (range 
1.6–83 months), with 56 deaths (21 %) re-
lated to cancer progression. The 2-/5-year 
actuarial OS, DSS, and PFS for the en-
tire population were 72 % (95 % CI 66–
79)/52 % (95 % CI 42–62), 76 % (95 % CI 
70–82)/64 % (95 % CI 53–74), and 61 % 
(95 % CI 54–68)/43 % (95 % CI 33–52), 
respectively. The 2-year actuarial OS was 
not different between the CRT and BRT 
groups (75 % [95 % CI 68–82] vs. 63 % 
[95 % CI 50–76], respectively; p = 0.2, 
. Fig. 1a). In the MVA, T4 (vs. T1–3), 
N2–3 stage (vs. N0–1), smoking status 
(current smoker as compared with nev-
er smoker), and non-oropharyngeal lo-
cations (vs. oropharynx) predicted for 
OS, with HRs (95 % CI) respectively of 
3.6 (2.1–6.2), 2.3 (1.3–3.9), 3.4 (1.3–8.9), 
and 1.8 (1.1–3.1) (. Table 2). BRT asso-
ciation with decreased OS was of bor-
derline significance in the MVA (HR 1.6; 
95 % CI 12.7; p = 0.054). The 2-year actu-
arial cause-specific survival was not dif-
ferent between CRT and BRT (79 % [CI 
95 % 73–86] vs. 67 % [CI 95 % 54–80], re-
spectively; p = 0.2).

Relapse

The 2-/5-year actuarial LRC control and 
distant control (DC) rates were 73 % 
(95 % CI 67–79)/62 % (95 % CI 51–74) 
and 79 % (95 % CI 73–85)/73 % (95 % CI 
66–80), respectively. CRT was an in-
dependent predictor of improved LRC 
(2-year LRC: 76 % [95 % CI 69–83] for 
CRT vs. 61 % [95 % CI 48–74] for BRT; 
p = 0.004, . Fig. 1b) and DC (2-year LRC: 
81 % [95 % CI 74–88] for CRT vs. 68 % 
[95 % CI 55–80] for BRT) in comparison 
with BRT (p < 0.001 and p = 0.02 for LRC 
and DC in the MVA, respectively). Uni- 
and multivariate analyses of prognostic 
factors for local and distant control are 
depicted in . Table 3.

Pattern of the first failure in the CRT 
group included 30 (15 %), 19 (10 %), and 
31 (16 %), local, regional, and distant re-
lapses. Of them, 9 patients had both local 
and regional failures. Salvage surgery was 
offered to 7/30 patients with local and/or 
re gional relapses and 2 patients with isolat-
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(97.3%) received the loading cetuximab, but only 327 patients
(73.6%) received six or more weekly cetuximab doses as specified. The
incidence of interruption of radiotherapy as a result of toxicity was
significantly higher in arm B (26.9% v 15.1% in arm A; P ! .001).

Toxicity End Points
More treatment-related grade 5 adverse events took place in the

cetuximab arm (10 events in arm B v three events in arm A; P ! .05).
However, death rates within 30 days of treatment completion were
similar between the two arms (2.0% with cetuximab v 1.8% without;
P ! .81). Table 2 lists the distribution of worst grade adverse effects.
The cetuximab arm had significantly higher rates of grade 3 to 4 skin
reactions (both inside and outside radiation volumes), radiation mu-
cositis, fatigue, anorexia, and hypokalemia up to 90 days from the start
of therapy. However, no significant differences were observed between
the arms in rates of adverse effects after 90 days. In arms A and B, rates
of feeding tube dependency were 21.2% (95% CI, 17.2% to 25.7%)
and 18.8% (95% CI, 15.0% to 23.2%) at 1 year (P ! .47), 13.5% (95%
CI, 10.0% to 17.8%) and 11.9% (95% CI, 8.6% to 15.9%) at 2 years
(P ! .56), and 12.1% (95% CI, 8.4% to 16.8%) and 7.0% (95% CI,
4.2% to 10.8%) at 3 years (P ! .05), respectively.

Outcome End Points
At the time of analysis (June 2012), 630 patients were alive

with a median follow-up time of 3.8 years. No significant differ-
ences were found between arms in PFS (primary end point), OS,
LRF, or DM (Fig 2). The 3-year PFS probabilities were 61.2% (95%
CI, 56.7% to 65.8%) for arm A and 58.9% (95% CI, 54.2% to
63.6%) for arm B (P ! .76). The 3-year probabilities for OS were
72.9% (95% CI, 68.7% to 77.1%) for arm A and 75.8% (95% CI,
71.7% to 79.9%) for arm B (P ! .32); the 3-year LRF probabilities
were 19.9% (95% CI, 16.2% to 23.7%) for arm A and 25.9% (95%
CI, 21.7% to 30.1%) for arm B (P ! .97); and the 3-year DM
probabilities were 13.0% (95% CI, 9.9% to 16.2%) for arm A and
9.7% (95% CI, 6.9% to 12.6%) for arm B (P ! .08).

Trends were noted toward differential cetuximab treatment ef-
fects in patients with OPCs with known p16 status. For PFS, the
treatment effect HRs were 1.57 for p16-positive OPC and 0.86 for
p16-negative OPC (P for interaction ! .12); imputation and adjust-
ment for known prognostic factors reduced these HRs (1.29 v 0.92,
respectively; P for interaction ! .31). For OS, the corresponding HRs
were 1.42 for patients with p16-positive OPC and 0.69 for patients
with p16-negative OPC (P for interaction! .13); after imputation and
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Fig 2. Kaplan-Meier estimates of (A) progression-free and (B) overall survival and cumulative incidence estimates of (C) locoregional failure and (D) distant metastasis
by assigned treatment. HR, hazard ratio; RT, radiotherapy.
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(97.3%) received the loading cetuximab, but only 327 patients
(73.6%) received six or more weekly cetuximab doses as specified. The
incidence of interruption of radiotherapy as a result of toxicity was
significantly higher in arm B (26.9% v 15.1% in arm A; P ! .001).

Toxicity End Points
More treatment-related grade 5 adverse events took place in the

cetuximab arm (10 events in arm B v three events in arm A; P ! .05).
However, death rates within 30 days of treatment completion were
similar between the two arms (2.0% with cetuximab v 1.8% without;
P ! .81). Table 2 lists the distribution of worst grade adverse effects.
The cetuximab arm had significantly higher rates of grade 3 to 4 skin
reactions (both inside and outside radiation volumes), radiation mu-
cositis, fatigue, anorexia, and hypokalemia up to 90 days from the start
of therapy. However, no significant differences were observed between
the arms in rates of adverse effects after 90 days. In arms A and B, rates
of feeding tube dependency were 21.2% (95% CI, 17.2% to 25.7%)
and 18.8% (95% CI, 15.0% to 23.2%) at 1 year (P ! .47), 13.5% (95%
CI, 10.0% to 17.8%) and 11.9% (95% CI, 8.6% to 15.9%) at 2 years
(P ! .56), and 12.1% (95% CI, 8.4% to 16.8%) and 7.0% (95% CI,
4.2% to 10.8%) at 3 years (P ! .05), respectively.

Outcome End Points
At the time of analysis (June 2012), 630 patients were alive

with a median follow-up time of 3.8 years. No significant differ-
ences were found between arms in PFS (primary end point), OS,
LRF, or DM (Fig 2). The 3-year PFS probabilities were 61.2% (95%
CI, 56.7% to 65.8%) for arm A and 58.9% (95% CI, 54.2% to
63.6%) for arm B (P ! .76). The 3-year probabilities for OS were
72.9% (95% CI, 68.7% to 77.1%) for arm A and 75.8% (95% CI,
71.7% to 79.9%) for arm B (P ! .32); the 3-year LRF probabilities
were 19.9% (95% CI, 16.2% to 23.7%) for arm A and 25.9% (95%
CI, 21.7% to 30.1%) for arm B (P ! .97); and the 3-year DM
probabilities were 13.0% (95% CI, 9.9% to 16.2%) for arm A and
9.7% (95% CI, 6.9% to 12.6%) for arm B (P ! .08).

Trends were noted toward differential cetuximab treatment ef-
fects in patients with OPCs with known p16 status. For PFS, the
treatment effect HRs were 1.57 for p16-positive OPC and 0.86 for
p16-negative OPC (P for interaction ! .12); imputation and adjust-
ment for known prognostic factors reduced these HRs (1.29 v 0.92,
respectively; P for interaction ! .31). For OS, the corresponding HRs
were 1.42 for patients with p16-positive OPC and 0.69 for patients
with p16-negative OPC (P for interaction! .13); after imputation and
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Fig 2. Kaplan-Meier estimates of (A) progression-free and (B) overall survival and cumulative incidence estimates of (C) locoregional failure and (D) distant metastasis
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(97.3%) received the loading cetuximab, but only 327 patients
(73.6%) received six or more weekly cetuximab doses as specified. The
incidence of interruption of radiotherapy as a result of toxicity was
significantly higher in arm B (26.9% v 15.1% in arm A; P ! .001).

Toxicity End Points
More treatment-related grade 5 adverse events took place in the

cetuximab arm (10 events in arm B v three events in arm A; P ! .05).
However, death rates within 30 days of treatment completion were
similar between the two arms (2.0% with cetuximab v 1.8% without;
P ! .81). Table 2 lists the distribution of worst grade adverse effects.
The cetuximab arm had significantly higher rates of grade 3 to 4 skin
reactions (both inside and outside radiation volumes), radiation mu-
cositis, fatigue, anorexia, and hypokalemia up to 90 days from the start
of therapy. However, no significant differences were observed between
the arms in rates of adverse effects after 90 days. In arms A and B, rates
of feeding tube dependency were 21.2% (95% CI, 17.2% to 25.7%)
and 18.8% (95% CI, 15.0% to 23.2%) at 1 year (P ! .47), 13.5% (95%
CI, 10.0% to 17.8%) and 11.9% (95% CI, 8.6% to 15.9%) at 2 years
(P ! .56), and 12.1% (95% CI, 8.4% to 16.8%) and 7.0% (95% CI,
4.2% to 10.8%) at 3 years (P ! .05), respectively.

Outcome End Points
At the time of analysis (June 2012), 630 patients were alive

with a median follow-up time of 3.8 years. No significant differ-
ences were found between arms in PFS (primary end point), OS,
LRF, or DM (Fig 2). The 3-year PFS probabilities were 61.2% (95%
CI, 56.7% to 65.8%) for arm A and 58.9% (95% CI, 54.2% to
63.6%) for arm B (P ! .76). The 3-year probabilities for OS were
72.9% (95% CI, 68.7% to 77.1%) for arm A and 75.8% (95% CI,
71.7% to 79.9%) for arm B (P ! .32); the 3-year LRF probabilities
were 19.9% (95% CI, 16.2% to 23.7%) for arm A and 25.9% (95%
CI, 21.7% to 30.1%) for arm B (P ! .97); and the 3-year DM
probabilities were 13.0% (95% CI, 9.9% to 16.2%) for arm A and
9.7% (95% CI, 6.9% to 12.6%) for arm B (P ! .08).

Trends were noted toward differential cetuximab treatment ef-
fects in patients with OPCs with known p16 status. For PFS, the
treatment effect HRs were 1.57 for p16-positive OPC and 0.86 for
p16-negative OPC (P for interaction ! .12); imputation and adjust-
ment for known prognostic factors reduced these HRs (1.29 v 0.92,
respectively; P for interaction ! .31). For OS, the corresponding HRs
were 1.42 for patients with p16-positive OPC and 0.69 for patients
with p16-negative OPC (P for interaction! .13); after imputation and
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PURPOSE:))
This%mul)center%phase%III%study%evaluated%the%efficacy%and%safety%of%lapa)nib,%an%epidermal%growth%factor%receptor/ErbB2%

inhibitor,%administered%concomitantly%with%chemoradiotherapy%and%as%maintenance%monotherapy%in%pa)ents%with%high\risk%

surgically%treated%squamous%cell%carcinoma%of%the%head%and%neck%(SCCHN).%

PATIENTS)AND)METHODS:))

Pa)ents%with%resected%stage%II%to%IVA%SCCHN,%with%a%surgical%margin%≤%5%mm%and/or%extracapsular%extension,%were%randomly%

assigned%to%chemoradiotherapy%(66%Gy%total%radia)on%dose%and%cispla)n%100%mg/m2%per%day%administered%on%days%1,%22,%and%43)%

plus%placebo%or%lapa)nib%(1,500%mg%per%day)%before%and%during%chemoradiotherapy,%followed%by%12%months%of%maintenance%

monotherapy.%

RESULTS:))

688)paHents)were)enrolled)(lapaHnib,)n)=)346;)placebo,)n)=)342).%With%a%median)follow7up)Hme)of)35.3)months,%the%study%
ended%early%because%of%the%apparent%plateauing%of%disease\free%survival%(DFS)%events.%Median%DFS%assessed%by%an%independent%

review%commioee%was%53.6%months%and%not%reached%for%lapa)nib%and%placebo,%respec)vely%(hazard%ra)o,%1.10;%95%%CI,%0.85%to%

1.43).%Inves)gator\assessed%results%confirmed%the%independent%review%commioee%assessment.%No%significant%differences%in%DFS%

by%human%papillomavirus%status%or%overall%survival%were%observed%between%treatment%arms.%Similar%numbers%of%pa)ents%in%both%

treatment%arms%experienced%adverse%events%(AEs),%with%more%pa)ents%in%the%lapa)nib%arm%than%the%placebo%arm%experiencing%

serious%AEs%(48%%v%40%,%respec)vely).%The%most%commonly%observed%treatment\related%AEs%were%diarrhea%and%rash,%both%

predominantly%in%the%lapa)nib%arm.%
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)
CONCLUSION:))

)

AddiHon)of)lapaHnib)to)chemoradiotherapy)and)its)use)as)long7

term)maintenance)therapy)does)not)offer)any)efficacy)benefits)

and)had)addiHonal)toxicity)compared)with)placebo)in)paHents)
with)surgically)treated)high7risk)SCCHN.)
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A B S T R A C T

Purpose
Combining cisplatin or cetuximab with radiation improves overall survival (OS) of patients with
stage III or IV head and neck carcinoma (HNC). Cetuximab plus platinum regimens also increase
OS in metastatic HNC. The Radiation Therapy Oncology Group launched a phase III trial to test the
hypothesis that adding cetuximab to the radiation-cisplatin platform improves progression-free
survival (PFS).

Patients and Methods
Eligible patients with stage III or IV HNC were randomly assigned to receive radiation and cisplatin
without (arm A) or with (arm B) cetuximab. Acute and late reactions were scored using Common
Terminology Criteria for Adverse Events (version 3). Outcomes were correlated with patient and
tumor features and markers.

Results
Of 891 analyzed patients, 630 were alive at analysis (median follow-up, 3.8 years). Cetuximab
plus cisplatin-radiation, versus cisplatin-radiation alone, resulted in more frequent interruptions
in radiation therapy (26.9% v 15.1%, respectively); similar cisplatin delivery (mean, 185.7
mg/m2 v 191.1 mg/m2, respectively); and more grade 3 to 4 radiation mucositis (43.2% v
33.3%, respectively), rash, fatigue, anorexia, and hypokalemia, but not more late toxicity. No
differences were found between arms A and B in 30-day mortality (1.8% v 2.0%, respectively;
P ! .81), 3-year PFS (61.2% v 58.9%, respectively; P ! .76), 3-year OS (72.9% v 75.8%,
respectively; P ! .32), locoregional failure (19.9% v 25.9%, respectively; P ! .97), or distant
metastasis (13.0% v 9.7%, respectively; P ! .08). Patients with p16-positive oropharyngeal
carcinoma (OPC), compared with patients with p16-negative OPC, had better 3-year probability
of PFS (72.8% v 49.2%, respectively; P " .001) and OS (85.6% v 60.1%, respectively; P "
.001), but tumor epidermal growth factor receptor (EGFR) expression did not distinguish outcome.

Conclusion
Adding cetuximab to radiation-cisplatin did not improve outcome and hence should not be
prescribed routinely. PFS and OS were higher in patients with p16-positive OPC, but outcomes did
not differ by EGFR expression.

J Clin Oncol 32:2940-2950. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Treatment of patients with locally advanced head
and neck carcinomas (HNCs) remains a challenge.
A thorough meta-analysis of randomized trials1

showed that adding cisplatin concurrently to radio-
therapy improved progression-free survival (PFS),
overall survival (OS), and organ preservation, but
only approximately 50% of patients survived more

than 5 years. Moreover, radiation-cisplatin regi-
mens induce severe acute and late morbidity.2 These
observations inspired the search for alternative ther-
apy approaches.

Available data showed that most HNCs express
high levels of epidermal growth factor receptor
(EGFR),3-5 that high EGFR expression was associ-
ated with poor response to radiation4 or chemora-
diotherapy,5 and that EGFR inhibitors sensitized
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A B S T R A C T

Purpose
To refine stage and prognostic group for human papillomavirus (HPV) –related nonmetastatic (M0)
oropharyngeal cancer (OPC).

Methods
All patients with nonmetastatic (M0) p16-confirmed OPC treated with radiotherapy with or without
chemotherapy from 2000 to 2010 were included. Overall survival (OS) was compared among TNM
stages for patients with HPV-related and HPV-unrelated OPC separately. For HPV-related OPC,
recursive partitioning analysis (RPA) derived new RPA stages objectively. Cox regression was
used to calculate adjusted hazard ratios (AHRs) to derive AHR stages. The performance of survival
prediction of RPA stage and AHR stage was assessed against the current seventh edition TNM
stages. Prognostic groups were derived by RPA, combining RPA stage and nonanatomic factors.

Results
The cohort comprised 573 patients with HPV-related OPC and 237 patients with HPV-unrelated
OPC, with a median follow-up of 5.1 years. Lower 5-year OS with higher TNM stage was evident
for patients with HPV-unrelated OPC (stage I, II, III, and IV 5-year OS: 70%, 58%, 50%, and 30%,
respectively; P ! .004) but not for patients with HPV-related OPC (stage I, II, III, and IV 5-year OS:
88%, 78%, 71%, and 74%, respectively; P ! .56). RPA divided HPV-related OPC into RPA-I
(T1-3N0-2b), RPA-II (T1-3N2c), and RPA-III (T4 or N3; 5-year OS: 82%, 76%, and 54%, respec-
tively; P " .001). AHR also yielded a valid classification, but RPA stage demonstrated better
survival prediction. A further RPA (including RPA stage, age, and smoking pack-years [PYs])
derived the following four valid prognostic groups for survival: group I (T1-3N0-N2c_! 20 PY),
group II (T1-3N0-N2c_# 20 PY), group III (T4 or N3_age ! 70), and group IVA (T4 or N3_age # 70;
5-year OS: 89%, 64%, 57%, and 40%, respectively; P " .001).

Conclusion
An RPA-based TNM stage grouping (stage I/II/III: T1-3N0-N2b/T1-3N2c/T4 or N3, with M1 as stage
IV) is proposed for HPV-related OPC as a result of significantly improved survival prediction
compared with the seventh edition TNM, and prognostication is further improved by an RPA-based
prognostic grouping within the American Joint Committee on Cancer/Union for International
Cancer Control TNM framework for HPV-related OPC.

J Clin Oncol 33. © 2015 by American Society of Clinical Oncology

INTRODUCTION

The American Joint Committee on Cancer (AJCC)/
Union for International Cancer Control (UICC)
TNM staging classification is widely accepted as the
lingua franca to describe tumor extent.1,2 The ana-
tomically based TNM system is important for plan-

ning treatment, assessing prognosis, stratifying
patients for therapeutic studies, evaluating treat-
ment outcome, facilitating communication, and
supporting cancer control (eg, cancer registries,
evaluation of cancer screening).2,3 The TNM catego-
ries combine to create anatomic stage groups (I to
IV) that stratify for survival outcome. The UICC also
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Treatment De-Intensification for Locally Advanced 
HPV-Associated Oropharyngeal Cancer

 
 

Charles E. Rutter, MD, Zain A. Husain, MD, and Barbara Burtness, MD

Squamous cell carcinoma of the oropharynx is a relatively un-
common malignancy with evolving epidemiologic and biologic 
underpinnings.1 Despite declining rates of tobacco-associated 
squamous cell carcinoma of most head and neck subsites, oro-
pharyngeal cancer incidence has continued to rise relative to 
other head and neck subsites.2,3 The reason for this incongruity 
became clear with the identification of human papillomavirus 
(HPV) as a causative agent in oropharyngeal cancer.4 The rise in 
oropharyngeal carcinoma is largely attributable to a rapid rise in 

HPV-associated disease in the last decade, occurring simultane-
ously with a gradual decline in the incidence of non–HPV-asso-
ciated, smoking-related cases.5 The increase in HPV-associated  
cases also accounts for the changing demographics of patients 
with oropharyngeal cancer, with a shift from older patients with 
a long history of cigarette smoking to a younger population 
(mean age, 61 years) of HPV-infected patients with a less exten-
sive tobacco history.1,3,6

Human papillomavirus is a DNA virus that is implicated in 
the carcinogenesis of malignancies of the oropharynx, anus, and 
cervix.7,8 It is spread via sexual contact, particularly through oral 
sex in the case of oropharyngeal cancer.9 Once infected, HPV 
DNA integrates with host DNA, allowing for the production 
of viral proteins E6 and E7. These proteins interfere with the 
action of vital host tumor-suppressor proteins p53 and Rb, re-
spectively.10 HPV-associated tumors are typically p53 wild-type, 
while non–HPV-associated tumors in smokers typically harbor 
mutated p53.11,12 Inactivation of Rb by E7 results in the overex-
pression of p16, a commonly used marker of HPV-association.13 

Recent data from The Cancer Genome Atlas observed more 
complex mutational patterns among non–HPV-associated can-
cers compared with HPV-associated cases, with more charac-
teristic mutation patterns affecting the nuclear factor kappa B 
(NF-țB) pathway.12 In addition, HPV-associated tumors tend to 
have lower expression of the epidermal growth factor receptor 
(EGFR) relative to smoking-related, non–HPV-associated carci-
nomas.14 Given that both wild-type (vs mutant) p53 and lower 
EGFR expression are correlated with treatment responsiveness 
and survival, these biologic differences may in part explain the 
difference in outcomes based upon HPV status. Additionally, 
HPV-associated tumors may be less hypoxic, which could in-
crease responsiveness to radiotherapy.15 

Clinical Trial Findings
The first prospective evidence of the prognostic importance of 
HPV status arose from the ECOG 2399 trial. In this and other 
studies, the HPV-associated tumors were identified in a variety 
of ways. These included polymerase chain reaction (PCR) assay 
for viral E6 and E7 DNA, Southern blot, in situ hybridization, 

Abstract
 
Squamous cell carcinoma of the oropharynx may arise 
from transforming high-risk human papillomavirus 
(HPV) infection, and such cancers are significantly more 
treatment-responsive than tobacco-associated squa-
mous cell cancers of the head and neck. Conventional 
treatments with surgery and postoperative radiation, 
definitive chemoradiation, and altered fractionation ap-
proaches leave patients with long-term after effects that 
impair quality of life and escalate with the intensity of 
treatment. There may also be an increase in noncan-
cer mortality after some therapies. For the most favor-
able-risk HPV-associated cancers, treatment de-inten-
sification has been proposed as a means of protecting 
highly curable patients from these long-term effects. The 
E1308 trial demonstrated among nonsmokers with <T4 
cancer that complete responders to chemotherapy could 
achieve outstanding (96%) progression-free survival at 2 
years after a reduced definitive schedule of 54 Gy with 
cetuximab. Grade 3 toxicity was minimal, and long-term 
patient-reported toxicity markedly less than with histor-
ical approaches. Completed or ongoing studies explore 
omission of chemotherapy, substitution of cetuximab for 
cisplatin, or use of minimally invasive surgery as alter-
nate strategies to minimize acute and late toxicity. 
Key words: Human papillomavirus, oropharynx cancer, 
radiation therapy, chemotherapy, functional endpoints
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Abstract

Background: Human papillomavirus-positive oropharyngeal squamous cell carcinoma is increasing in incidence
worldwide. Current treatments are associated with high survival rates but often result in significant long-term
toxicities. In particular, long-term dysphagia has a negative impact on patient quality of life and health. The aim
of PATHOS is to determine whether reducing the intensity of adjuvant treatment after minimally invasive transoral
surgery in this favourable prognosis disease will result in better long-term swallowing function whilst maintaining
excellent disease-specific survival outcomes.

Methods/Design: The study is a multicentre phase II/III randomised controlled trial for patients with biopsy-proven
Human papillomavirus-positive oropharyngeal squamous cell cancer staged T1-T3 N0-N2b with a primary tumour
that is resectable via a transoral approach. Following transoral surgery and neck dissection, patients are allocated
into three groups based on pathological risk factors for recurrence. Patients in the low-risk pathology group will
receive no adjuvant treatment, as in standard practice. Patients in the intermediate-risk pathology group will be
randomised to receive either standard dose post-operative radiotherapy (control) or reduced dose radiotherapy.
Patients in the high-risk pathology group will be randomised to receive either post-operative chemoradiotherapy
(control) or radiotherapy alone. The primary outcome of the phase II study is patient reported swallowing function
measured using the MD Anderson Dysphagia Inventory score at 12 months post-treatment. If the phase II study is
successful, PATHOS will proceed to a phase III non-inferiority trial with overall survival as the primary endpoint.
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patients will be allocated into study groups based on
histological findings (Fig. 1):
Group A: Patients whose tumours have no adverse

histological features will not receive any adjuvant treat-
ment as per standard of care.
Group B: Patients with T3 tumours (or T1–T2 tu-

mours with additional risk factors), N2a (metastasis in
single ipsilateral node 31–60 mm diameter) or N2b (me-
tastasis in multiple ipsilateral nodes <61 mm diameter),
tumours with evidence of perineural and/or vascular in-
vasion, or close margins (1–5 mm) around the primary
tumour specimen but with negative marginal biopsies
and no evidence of cervical lymph node ECS. Patients in

this group will be randomised to either post-operative
RT 60Gy in 30 fractions over 6 weeks (Control Arm B1)
or post-operative RT 50Gy in 25 fractions over 5 weeks
(Test Arm B2).
Group C: Patients with tumours of any T or any N

stage with the following high risk pathological features:
positive (<1 mm) margins around the primary tumour
(but with negative marginal biopsies) and/or evidence of
cervical lymph node ECS. Patients in this group will be
randomised to either post-operative CRT 60Gy in 30
fractions over 6 weeks with concurrent cisplatin (Con-
trol Arm C1) or post-operative RT 60Gy in 30 fractions
over 6 weeks without chemotherapy (Test Arm C2).

Fig. 1 Trial schema
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A B S T R A C T

Purpose
The use of intensity-modulated radiation therapy (IMRT) in the treatment of soft tissue sarcoma
(STS) of the extremity is increasing, but no large-scale direct comparison has been reported
between conventional external-beam radiation therapy (EBRT) and IMRT.

Methods
Between January 1996 and December 2010, 319 consecutive adult patients with primary
nonmetastatic extremity STS were treated with limb-sparing surgery and adjuvant radiotherapy
(RT) at a single institution. Conventional EBRT was used in 154 patients and IMRT in 165 with
similar dosing schedules. Median follow-up time for the cohort was 58 months.

Results
Treatment groups were comparable in terms of tumor location, histology, tumor size, depth, and
use of chemotherapy. Patients treated with IMRT were older (P ! .08), had more high-grade
lesions (P ! .05), close (" 1 mm) or positive margins (P ! .04), preoperative radiation (P " .001),
and nerve manipulation (P ! .04). Median follow-up was 90 months for patients treated with
conventional EBRT and 42 months for patients treated with IMRT. On multivariable analysis
adjusting for patient age and tumor size, IMRT retained significance as an independent predictor
of reduced LR (hazard ratio ! 0.46; 95% CI, 0.24 to 0.89; P ! .02).

Conclusion
Despite a preponderance of higher-risk features (especially close/positive margin) in the IMRT
group, IMRT was associated with significantly reduced local recurrence compared with conven-
tional EBRT for primary STS of the extremity.

J Clin Oncol 32:3236-3241. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Adjuvant radiation therapy (RT) has been demon-
strated to provide improved local control (LC) for
soft tissue sarcoma (STS) of the extremity following
limb-sparing surgery,1,2 and may be administered
via brachytherapy or external-beam RT (EBRT).3,4

In the latter case, many technical options exist, in-
cluding conventional EBRT, intensity-modulated
RT (IMRT),5 and other advanced techniques in-
cluding proton therapy.6

Based on encouraging dosimetric results com-
paring IMRT to three-dimensional conformal EBRT
(conventional EBRT),5 we began using IMRT in the
treatment of primary extremity STS in 2002. Initial
clinical data showed favorable morbidity profiles,7

and excellent LC.8 When IMRT was compared with
adjuvant brachytherapy, IMRT was shown to be
superior in terms of LC.3 With such encouraging

results, our policy at Memorial Sloan Kettering Cancer
Center (MSKCC) shifted toward increasing use of
IMRT over conventional EBRT. The purpose of this
study is to compare IMRT-treated patients from
2002 to 2010 with conventional EBRT-treated pa-
tients going back to 1996.

METHODS

Patients
Review of the prospective database at our institution

from January 1996 to December 2010 identified 395 pa-
tients with primary nonmetastatic extremity STS who un-
derwent both limb-sparing surgery and RT at MSKCC. A
tumor was considered to be in the upper extremity if it was
at or beyond the shoulder and in the lower extremity if it
was at or beyond the groin. Patients treated with adjuvant
brachytherapy (n ! 73) were excluded from this analysis,
as their LC compared with IMRT was reported previ-
ously.3 Two patients were also excluded due to history of
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During the time period 2002 to 2006, patients may have been
treated with either IMRT (n ! 75) or conventional EBRT (n ! 55);
therefore a subset analysis was performed on the distribution of prog-
nostic factors. No significant differences were noted between the two
groups of patients with the exception of significantly more tumors larger
than 10 cm in the IMRT group (49% v 31%; P ! .047). (Supplement 3).

The median preoperative radiation dose was 50 Gy (range, 48-50
Gy) in the IMRT group and 50.4 Gy (range, 50-50.4 Gy) in the
conventional EBRT group. The median postoperative doses were
equivalent: 63 Gy (range, 27-66.6 Gy) in the IMRT group and 63 Gy
(range, 18-70.2 Gy) in the conventional EBRT group. For patients
treated postoperatively, three patients received less than 50 Gy: in the
IMRT cohort, one patient developed a brisk skin reaction and discon-
tinued treatment against medical advice; in the conventional cohort,
one patient developed cellulitis and a decision was made to discon-

tinue RT, and one patient developed a LR on treatment, requiring
reoperation and salvage brachytherapy.

Of the 79 patients who received chemotherapy as part of their
primary treatment, 34 (22.1%) patients were in the conventional RT
group and 45 (27.3%) patients were in the IMRT group (P ! .30).
Chemotherapy was doxorubicin based in 76 (23.8%) patients.

The median follow-up time for the cohort was 58 months; 90
months (range, 3-187 months) for patients treated with conventional
EBRT and 42 months (range, 3-129 months) for patients treated with
IMRT, P " .01). The median follow-up for all patients still alive was
84.7 months; 103 months (range, 3-187 months) for patients treated
with conventional EBRT and 55 months (range, 3-129 months) for
patients treated with IMRT, P " .01).

Outcomes
The median time to LR was 18 months (range, 2-69 months) for

conventional EBRT and 18 months (range, 9-33 months) for IMRT.
For patients treated with IMRT, 5-year LR was 7.6% (95% CI, 3.4% to
11.8%) versus 15.1% (95% CI, 9.2% to 20.9%) for those treated with
conventional EBRT (P ! .05; Fig 2). Factors significantly associated
with LR on univariable analysis included lesion size (5-year LR, 7.8%
for lesions ! 10 cm and 16% for lesions # 10 cm; P ! .05) and age
(5-year LR, 7% for age " 50 years and 13.9% for age " 50 years; P !
.05). Tumor histology, grade, depth, margin status, the sequencing of
RT (preoperative v postoperative), and the use of chemotherapy were
not significantly associated with LR (Table 2). On multivariable anal-
ysis, IMRT retained significance as an independent predictor of re-
duced LR (hazard ratio [HR] ! 0.458; 95% CI, 0.235 to 0.891;
P ! .02). The other independent predictors of reduced LR were age
younger than 50 years (HR ! 0.437; 95% CI, 0.197 to 0.967; P ! .04)
and tumor size ! 10 cm (HR!0.530; 95% CI, 0.278 to 1.010; P! .05)
When variables regardless of significance on univariable analysis were
included in the multivariable model, the independent predictors re-
mained the same (use of IMRT [HR ! 0.469; P ! .029], age younger

Table 1. Patient Characteristics

Characteristic

Conventional
External
Beam

Radiation
Therapy

Intensity-
Modulated
Radiation
Therapy

PNo. % No. %

Age, years
! 50 65 42 54 33 .08
# 50 89 58 111 67

Time period
Prior to 2002 97 100 0 0 " .001
2002-2006 55 42 75 58
After 2006 2 2 90 98

Extremity location
Upper 39 25 42 25 1.0
Lower 115 75 123 75

Depth
Superficial 11 7 15 9 .55
Deep 143 93 150 91

Tumor size
! 10 cm 84 55 92 56 .91
# 10 cm 70 45 73 44

Positive/close margin
No 93 60 80 48 .04
Yes 61 40 85 52

Grade
Low 34 22 22 13 .05
High 120 78 143 87

Histology
Malignant fibrous

histiocytoma! 60 39 57 35 .60
Liposarcoma 39 25 51 31
Synovial 16 10 14 8
Leiomyosarcoma 9 6 6 4
Other 30 19 37 22

Radiation sequence
Pre 5 3 34 21 " .001
Post 149 97 131 79

Adjuvant chemotherapy
No 120 78 120 73 .30
Yes 34 22 45 27

NOTE. The Kruskal-Wallis test and Fisher’s test were used for continuous
and categorical variables, respectively.

!Includes myxofibrosarcoma.
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Fig 2. Cumulative incidence curve for local recurrence by radiation treatment
group. C-EBRT, conventional external-beam radiation therapy; HR, hazard ratio;
IMRT, intensity-modulated radiation therapy; M, multivariable; U, univariable.
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A B S T R A C T

Purpose
We performed a multi-institutional prospective phase II trial to assess late toxicities in patients
with extremity soft tissue sarcoma (STS) treated with preoperative image-guided radiation therapy
(IGRT) to a reduced target volume.

Patients and Methods
Patients with extremity STS received IGRT with (cohort A) or without (cohort B) chemotherapy
followed by limb-sparing resection. Daily pretreatment images were coregistered with digitally
reconstructed radiographs so that the patient position could be adjusted before each treatment. All
patients received IGRT to reduced tumor volumes according to strict protocol guidelines. Late
toxicities were assessed at 2 years.

Results
In all, 98 patients were accrued (cohort A, 12; cohort B, 86). Cohort A was closed prematurely
because of poor accrual and is not reported. Seventy-nine eligible patients from cohort B form the
basis of this report. At a median follow-up of 3.6 years, five patients did not have surgery because
of disease progression. There were five local treatment failures, all of which were in field. Of the
57 patients assessed for late toxicities at 2 years, 10.5% experienced at least one grade ! 2
toxicity as compared with 37% of patients in the National Cancer Institute of Canada SR2
(CAN-NCIC-SR2: Phase III Randomized Study of Pre- vs Postoperative Radiotherapy in Curable
Extremity Soft Tissue Sarcoma) trial receiving preoperative radiation therapy without IGRT (P !
.001).

Conclusion
The significant reduction of late toxicities in patients with extremity STS who were treated with
preoperative IGRT and absence of marginal-field recurrences suggest that the target volumes
used in the Radiation Therapy Oncology Group RTOG-0630 (A Phase II Trial of Image-Guided
Preoperative Radiotherapy for Primary Soft Tissue Sarcomas of the Extremity) study are
appropriate for preoperative IGRT for extremity STS.

J Clin Oncol 33:2231-2238. © 2015 by American Society of Clinical Oncology

INTRODUCTION

When compared with postoperative radiation therapy
(RT),thephaseIIINationalCancerInstituteofCanada
SR2(CAN-NCIC-SR2;PhaseIIIRandomizedStudyof
Pre- vs Postoperative Radiotherapy in Curable Ex-
tremity Soft Tissue Sarcoma) trial demonstrated that
preoperative RT for extremity soft tissue sarcoma
(STS) is associated with reduced late toxicities such as
grade 2 or higher subcutaneous fibrosis, joint stiffness,
and edema.1,2 Late radiation morbidity was reduced

for preoperative RT at 2 years after treatment (preop-
erativevpostoperative:31.5%v48%forfibrosis,15.1%
v23%foredema,and17.8%v23%for joint stiffness).1

The decreased late toxicity in the preoperative arm
likelyresults fromlowerradiationdose(50Gyv66Gy)
and smaller RT volumes compared with the postoper-
ative volumes that encompass all surgically manipu-
lated tissues, incisions, and drain sites. Other potential
advantagesofpreoperativeRTincludetheopportunity
to facilitate resection by shrinking certain subtypes of
STSs3andtopreventtumorseedingduringsurgery.4In
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We performed a multi-institutional prospective phase II trial to assess late toxicities in patients
with extremity soft tissue sarcoma (STS) treated with preoperative image-guided radiation therapy
(IGRT) to a reduced target volume.

Patients and Methods
Patients with extremity STS received IGRT with (cohort A) or without (cohort B) chemotherapy
followed by limb-sparing resection. Daily pretreatment images were coregistered with digitally
reconstructed radiographs so that the patient position could be adjusted before each treatment. All
patients received IGRT to reduced tumor volumes according to strict protocol guidelines. Late
toxicities were assessed at 2 years.

Results
In all, 98 patients were accrued (cohort A, 12; cohort B, 86). Cohort A was closed prematurely
because of poor accrual and is not reported. Seventy-nine eligible patients from cohort B form the
basis of this report. At a median follow-up of 3.6 years, five patients did not have surgery because
of disease progression. There were five local treatment failures, all of which were in field. Of the
57 patients assessed for late toxicities at 2 years, 10.5% experienced at least one grade ! 2
toxicity as compared with 37% of patients in the National Cancer Institute of Canada SR2
(CAN-NCIC-SR2: Phase III Randomized Study of Pre- vs Postoperative Radiotherapy in Curable
Extremity Soft Tissue Sarcoma) trial receiving preoperative radiation therapy without IGRT (P !
.001).

Conclusion
The significant reduction of late toxicities in patients with extremity STS who were treated with
preoperative IGRT and absence of marginal-field recurrences suggest that the target volumes
used in the Radiation Therapy Oncology Group RTOG-0630 (A Phase II Trial of Image-Guided
Preoperative Radiotherapy for Primary Soft Tissue Sarcomas of the Extremity) study are
appropriate for preoperative IGRT for extremity STS.
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VORTEX: Randomised trial of volume of post-operative radiotherapy given to adult patients with extremity soft tissue 
sarcoma  
 

1. Full Study Title, Acronym and ISRCTN number Aims/Objectives: The aim of this trial is to assess if a reduced volume of post-operative radiotherapy increases limb 
function without compromising local control  

Main (but not exhaustive) inclusion criteria: 
x Histologically proven soft tissue sarcoma. Imaging and pathology from first surgery are required 
x Microscopically irradical surgical margin 
x Lesion originates in extremity 
x No prior radiotherapy to the local site 
x Protocol treatment is to begin within 12 weeks of surgery 
x Patients must be 16 years of age or older 
x Male and female of reproductive potential must use medically acceptable contraception during the duration of radiation 

treatment and for three months following the completion of the radiation treatment 
 
Main (but not exhaustive) exclusion criteria: 
x Local recurrence after previous treatment of sarcoma or more than 3 months after previous definitive surgery 
x Surgery has left macroscopic tumour in situ 
x Patient has regional nodal disease or unequivocal distant metastasis 
x Use of neoadjuvant or adjuvant chemotherapy 
x Prior or concurrent malignancy (except adequately treated non-melanomatous carcinoma of the skin or in situ 

carcinoma of the cervix) within the last 3 years. 
 
x  
x  
 

Diagrammatic representation of treatment allocation (if applicable): 

Investigations required prior to randomisation:  
x Haematology: FBC with differential 
x Radiology: chest X-ray, CT thorax and MRI local site 
x Wound assessment 
x Completion of the Toronto Extremity Salvage Score questionnaire 
x Completion of the Patient Perceived Change of Status questionnaire 

x Patient rating of change in function 
 
 
 
 
 
x  
x  
 
x  

Randomisation 
Stratified by: tumour grade, adequacy of surgical 

clearance and centre 

National Trial Co-ordinator details: 
Name: Ana Hughes, VORTEX Trial Co-ordinator 
Cancer Research UK Clinical Trials Unit, Institute for Cancer Studies, University of Birmingham, Edgbaston, Birmingham, 
B15 2TT     
Tel: 0121 4143793 Fax: 0121 4142230 E-mail:VORTEX@trials.bham.ac.uk 
 

Control arm 
Conventional two-phase treatment 

Total dose: 66Gy in 33# 
 

Research arm 
Single-phase treatment to only 
phase–2 volume of control arm 

Total dose: 66Gy in 33# 
 

200 patients 200 patients 
 

Outcomes: 
Primary: Limb functionality and time to local recurrence  
Secondary: Soft tissue and bone toxicity, disease free-survival, overall survival time and overall level of disability 
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EDITORIAL

Individualizing the Use/Non-Use of Radiation Therapy (RT) in

Soft Tissue Sarcoma (STS): When Abstention Is Better Than Care

ALESSANDRO GRONCHI, MD*
Sarcoma Service, Department of Surgery, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy

In soft tissue sarcoma (STS)management, limb-sparing surgery relies
on the complementary administration of radiation therapy (RT), to
minimize the risk of local recurrence, as demonstrated a couple of
decades ago by two pivotal trials, one employing brachytherapy
(BRT) [1] and one post-operative external beam RT (EBRT) [2].

They both reported a risk reduction of local recurrence from greater
than 30%with surgery alone to less than 10%with surgery and radiation,
but neither found any impact on distant failure or overall survival.

Thanks to these 2 trials and somewhat consistently with the approach
to other diseases (i.e., mastectomy vs. breast preserving surgery and
radiation therapy), since then most STS of the extremities and torso
were routinely treated by the combination.

Nevertheless, in spite of the convincing evidence favoring such an
approach, we did realize in the recent years how the majority of the
treated patients got only its side effects, as 70% of them wouldn’t have
recurred and 10% did recur anyway. Most importantly, none derived a
survival benefit, while many experienced a profound impact by such an
approach in quality of life (i.e., chronic pain, stiffness of the limb, bone
fractures, etc.).

The administration of pre-operative RT was later shown to be
associated to less long-term side effects [3]. Although no differences in
the overall local control rate were seen between the administration of
pre- or post-operative RT, an uncontrolled retrospective evidence
favors the use of preoperative RT (alone or in combination with
chemotherapy) whenever surgery is expected to be marginal and/or the
tumor has a high risk of relapse [4,5].

Indeed, nowadays several groups have shifted from the initial
paradigm, offering the same local therapy (surgeryþ post-operative
RT) to all comers, to a tailored approach, selecting patients for pre- or
post-operative RT, based on the expected local recurrence risk, location
and histology of the tumor, age of the patient, etc. Moreover, several
patients are also now treated by surgery alone and this has been
accommodated in the European and American guidelines, although no
prospective controlled study have been performed or planned to back
this up [6,7].

One of the most important factors to individualize STS treatment is
indeed histology, as STS is a family made up by 50 plus different
subtypes, with different biology, natural history, and sensitivity to
treatments.

Myxoid liposarcomas (MLS), either the pure (low grade) and the
cellular (high grade) variants, are known to be the most RT sensitive
STS subtypes, with greater than 50% major response rate to
preoperative RT documented in uncontrolled series [8].

Pure MLS is also known to have a very limited tendency to local
recurrence, as clearly shown in this paper by Baxter and colleagues [9]

and by others [10]. So its sensitivity to RT should be factored into
decision making but in light of its favorable natural history. This study
shows how several MLS patients may be treated by surgery alone, even
when their tumor is large and deeply located. An easy conclusion would
be that patients with easily resectable MLS can be safely treated by
surgery alone, while RT may be reserved to those with borderline
resectable ones or when function preservation is a goal (Fig. 1).

Then the question to address is which quality of evidence we need, to
make these recommendations in general and specifically in MLS.

We are dealing with a subgroup (MLS) within a relatively rare group
of tumors (adult STS). Fifty plus different histologies do exist in adult
STS, as mentioned above. The task of studying these tumors by means
of prospective randomized trials is challenging, especially when
subgroups need to be considered. The incidence of MLS is <0.5/
100,000/year. We may discuss how ‘standard treatment’ can be defined
in rare tumors, particularly ‘very rare’ ones. Clearly, we must take most
profit from ‘any’ evidence we have in our hands, by fairly balancing it
by consensus within the medical community. Then, we must go the
patient’s bedside. We will have been left with a degree of uncertainty,
and our task is to share it with our patients.

The problem of rare cancers is infact one of a higher uncertainty. By
nomeans does this imply that decision-making in rare cancers should be
conceptually different from that in more frequent conditions. As usual,
it is crucial for the clinician to address decision-making rationally.
National, international, even global collaborations should be pursued to
make more studies possible. They are vital to assess the value of new
treatment strategies, with special regard to multidisciplinary
approaches. Prospectively maintained data bases and biobanks for
medical research are one of the cornerstones to make progress in rare
cancers. As amatter of facts, all cases may be useful to advance science.
Thus, prospective clinical data bases, registries and connection of
electronic patient records on a network basis should be encouraged.
Retrospective and observational clinical studies on selected patient
subgroups are as important as prospective controlled studies, because
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proximity, such that they could be encompassed in a toler-
able RT treatment volume. Multifocal disease is associated
with worse outcome and often is best treated initially with
systemic therapy (level of evidence IIIA) (36, 37).

The natural history of well-differentiated (WD) retro-
peritoneal liposarcoma (LPS) is typically long and indolent
in marked distinction to that of de-differentiated (DD) LPS
and other histologic subtypes with less favorable outcomes

(38-42). This natural history for WD LPS might render the
rationale for routine aggressive surgical resection (with
multiorgan resection) and/or adjuvant RT questionable
(40). The expert panel was divided regarding the advis-
ability of routine use of preoperative RT at the time of
initial diagnosis for WD LPS. The panel agreed that pre-
operative RT could be considered in the setting of recurrent
WD LPS, where the biological behavior is aggressive such

Table 2 Summary of treatment guidelines for preoperative RT for RPS

Expert multimodality consultation
Discuss plans for resection, in particular:
Plans for renal and hepatic resection
Concerns for site(s) of potential positive margins

Simulation
Oral contrast optional
Intravenous contrast optional
Assessment of 4D motion for tumors above iliac crest is very strongly recommended

Target volumes if 4D motion is assessed (recommended for all upper abdominal tumors)
iGTV: contour GTV incorporating 4D motion; this accounts for internal margin (IM)
ITV Z iGTV þ 1.5 cm (CTV expansion) for upper abdominal tumors
Edit ITV at interfaces:
Retroperitoneal compartment, bone, kidney, liver: 0 mm
Bowel and air cavity: 5 mm
Under skin surface: 3-5 mm according to institutional preference
If tumor extends to inguinal canal, expand iGTV by 3 cm inferiorly

PTV Z ITV þ 5 mm (if frequent IGRT with volumetric imaging will be performed)
PTV Z ITV þ 9-12 mm (if no IGRT with volumetric imaging will be performed)

Target volumes if 4D motion is NOT assessed and tumor has a significant component below the pelvic brim
GTV: contour gross tumor volume
CTV Z GTV þ 1.5 cm for tumors below pelvic brim
Edit CTV at interfaces:
Retroperitoneal compartment, bone, kidney, liver: 0 mm
Bowel and air cavity: 5 mm
Under skin surface: 3-5 mm according to institutional preference
If tumor extends to inguinal canal, expand GTV by 3 cm inferiorly

PTV Z CTV þ 5 mm (if frequent IGRT with volumetric imaging will be performed)
PTV Z CTV þ 9-12 mm (if no IGRT with volumetric imaging will be performed)

Target volumes if 4D motion is NOT assessed and tumor is in the upper abdomen (Note: 4D motion assessment is
strongly recommended in this situation)
GTV: contour gross tumor volume
CTV Z GTV þ 2-2.5 cm in cephalocaudal directions, 1.5-2 cm in radial directions
Edit CTV at interfaces:
Retroperitoneal compartment, bone, kidney, liver: 0 mm
Bowel and air cavity: 5 mm
Under skin surface: 3-5 mm according to institutional preference
If tumor extends to inguinal canal, expand GTV by 3 cm inferiorly

PTV Z CTV þ 5 mm (if frequent IGRT with volumetric imaging will be performed)
PTV Z CTV þ 9-12 mm (if no IGRT with volumetric imaging will be performed)

Dose:
50.4 Gy in 1.8 Gy fractions or 50 Gy in 2 Gy fractions

Technique:
IMRT preferred unless organ at risk dose constraints and target volume coverage can be achieved with a
3D-conformal technique.
Proton therapy is also acceptable in experienced centers.

Abbreviations: IGRT Z image guided radiation therapy; IMRT Z intensity modulated radiation therapy; RPS Z retroperitoneal sarcoma.
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Summary

Twelve sarcoma radiation
oncologists were given in-
structions for contouring
target volumes and organs at
risk (OARs) for 2 cases of
retroperitoneal sarcoma.
Gross tumor volume, clinical

Purpose: The purpose of this study was to evaluate the variability in target volume and
organ at risk (OAR) contour delineation for retroperitoneal sarcoma (RPS) among 12
sarcoma radiation oncologists.
Methods and Materials: Radiation planning computed tomography (CT) scans for 2
cases of RPS were distributed among 12 sarcoma radiation oncologists with instruc-
tions for contouring gross tumor volume (GTV), clinical target volume (CTV),
high-risk CTV (HR CTV: area judged to be at high risk of resulting in positive margins
after resection), and OARs: bowel bag, small bowel, colon, stomach, and duodenum.
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reflects uniform GTV expansion of 1.5 cm with edited
reduction at bone (0 mm), bowel bag, and air cavity (5 mm),
renal and hepatic interfaces (2 mm), and skin surface
(3 mm) (17). CTV expands fully into retroperitoneal mus-
cles. (Please note that subsequently, the expert consensus
guidelines were amended to specify CTV expansion into
renal and hepatic interfaces of 0 mm and ITV terminology
was substituted for CTV for cases where 4-dimensional
(4D) CT planning CT images were obtained to account
for internal motion) (18); (4) Contour the “high-risk CTV
boost” using the following guidelines: the high-risk boost is
the area considered to be at high risk for positive margins
following resection. It generally includes areas of tumor
located along posterior abdominal wall, ipsilateral para- and
prevertebral space, major vessels, or organs that the surgeon
would leave in situ. You may contour the HR CTV based on
input from a surgeon. An example of a high-risk CTV boost
volume was provided, (Fig. 1); and (5) Contour small
bowel, colon, stomach, and duodenum.

Data analysis and statistical methods

Each participant used his or her institution’s planning sys-
tem to contour GTV, CTV, HR CTV, bowel bag, small
bowel, colon, stomach, and duodenum. Contours were then
sent back to the Image-Guided Therapy QA Center as
Digital Imaging Communications in Medicine (DICOM)
data sets. Individual contours were imported to the
Computerized Environment for Radiation Research for
analysis (20).

Statistical analysis was performed using several
methods. The apparent volume overlap was assessed by
calculating the intersection and mean of volumes contoured
by the participating radiation oncologists. Contour data
were also analyzed by the simultaneous truth and perfor-
mance level estimation (STAPLE) algorithm, which uses an
iterative approach to simultaneously estimate “true” con-
tour structure (21). The STAPLE 95 contour, also called the
consensus contour, is a probabilistic estimate of the true
contour at a 95% confidence level. Contour agreement
sensitivity is an estimate of the true positive rate, (the
proportion of voxels within the true structure that are
included in the consensus); similarly, specificity is the true
negative rate, (the proportion of voxels outside the true
structure that are excluded from the consensus) (22). The
kappa statistic was used to correct for agreements that
could be derived by chance. Kappa values range from !1 to
þ1, with !1 representing complete disagreement, 0 repre-
senting no agreement above chance, and þ1 representing
complete agreement. Descriptive categories for the strength
of kappa agreement were defined by Landis and Koch as
<0 is poor, 0 to 0.20 is slight, 0.21 to 0.40 is fair, 0.41 to
0.60 is moderate, 0.61 to 0.80 is substantial, and 0.81 to
1.00 is almost perfect (23).

Results

Twelve radiation oncologists with experience treating sar-
coma provided target volume and organ at risk (OAR)
contours. Ten radiation oncologists contoured both RPS
cases, 1 contoured only RPS1, and 1 contoured only RPS2.
Thus, 11 contour sets were available for each of the 2 cases.
All contour sets were complete and included the 8 required
contours.

The contour agreement kappa statistic values for each of
the 8 structures for RPS1 and RPS2 are shown in Table 1.

Fig. 1. This is the image provided to study participants
illustrating an example of HR CTV boost volume, the area
considered to be at high risk for positive margins following
resection. It generally includes areas of tumor located along
posterior retroperitoneal musculature, ipsilateral para- and
prevertebral space, major vessels, or organs that the sur-
geon would leave in situ. The GTV is the large left
upper quadrant mass outlined in red; the HR CTV
boost volume is the vermiform volume outlined in blue.
CTV Z clinical target volume; GTV Z gross tumor vol-
ume; HR Z high risk.

Table 1 Summary of kappa statistic agreement for RPS
target and OAR volumes

Contoured
structure

Kappa agreement

RPS1 RPS2

GTV 0.84 Almost perfect 0.92 Almost perfect
CTV 0.79 Substantial 0.86 Almost perfect
HR CTV 0.50 Moderate 0.57 Moderate
Bowel bag 0.82 Almost perfect 0.79 Substantial
Small bowel 0.73 Substantial 0.78 Substantial
Colon 0.73 Substantial 0.82 Almost perfect
Stomach 0.77 Substantial 0.83 Almost perfect
Duodenum 0.41 Moderate 0.36 Fair

Abbreviations: bowel bagZ contour encompassing the contents of the
peritoneal cavity to include small bowel and colon;CTVZ clinical target
volume; GTV Z gross tumor volume; HR CTV Z high-risk clinical
target volume; OARZ organ at risk; RPSZ retroperitoneal sarcoma.
RPS1 is a patient with a right upper-quadrant de-differentiated (DD)

liposarcoma (LPS) with a predominant, well-differentiated (WD)
component. RPS2 is a patient with a left upper quadrant DD LPS with a
minimal WD component.
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Abstract
Objective—To evaluate long-term survival among patients undergoing radiation therapy (RT), 
followed by surgical resection of retroperitoneal sarcomas (RPS).

Background—Despite a lack of level 1 evidence supporting neoadjuvant RT for RPS, its use has 
increased substantially over the past decade.

Methods—The 1998–2011 National Cancer Data Base was queried to identify patients who 
underwent resection of RPS. Subjects were grouped by use of neoadjuvant RT. Perioperative 
variables and outcomes were compared. Multivariable logistic regression was performed to assess 
predictors of neoadjuvant RT. Groups were propensity matched using a 2:1 nearest neighbor 
algorithm and short-term outcomes were compared. Finally, long-term survival was evaluated 
using the Kaplan-Meier method, with comparisons based on the log-rank test.

Results—A total of 11,324 patients were identified. Neoadjuvant RT was administered to 696 
patients (6.1%). During the study period, preoperative RT use increased from 4% to nearly 15%. 
Male sex, tumor size larger than 5 cm, treatment at an academic/research program, and higher 
tumor grade all predicted neoadjuvant RT administration. After propensity matching, the only 
difference in baseline characteristics was the use of neoadjuvant chemotherapy. Although 
neoadjuvant RT was associated with a higher rate of negative margins (77.5% vs 73.0%; P = 
0.014), there was no corresponding improvement in 5-year survival (53.2% vs 54.2%; P = 0.695).

Conclusions—Despite the increasing use of neoadjuvant RT for patients with RPS, the survival 
benefit associated with this treatment modality remains unclear. Continued investigation is needed 
to better define the role of RT among patients with RPS.
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\%1998%–%2011%Na)onal%Cancer%Data%Base%

\ %11,324%pa)ents,%neoadjuvant%RT%was%administered%to%696%pa)ents%(6.1%)%%

\ %During%the%study%period%there%was%an%increase%in%the%use%of%neoadjuvant%
RT%(from%approximately%4%%of%pa)ents%in%1998%to%nearly%15%%in%2011)%

FIGURE 2. 
Kaplan-Meier survival for neoadjuvant RT versus no neoadjuvant RT in RPS among all 
patients.

Nussbaum et al. Page 11

Ann Surg. Author manuscript; available in PMC 2015 July 01.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript

tumors, a factor previously shown to improve survival. Furthermore,
therewere a limitednumber of recurrent patients (n¼ 8) in theRTgroup.
Although all of these patients were estimated to be alive at five years, the
small sample size makes this analysis vulnerable to multiple biases. It is
likely that these patients had more favorable tumor biology as they
recurred locally, rather than with distant metastases. Also, these patients
may have been healthier as they were fit enough to undergo both re-
resection and RT. Following adjustment with multivariable analysis of
the entire patient cohort, perioperative RT remained an independent
predictor of improved OS and RFS. This data supports the use of EBRT

as part of multimodality treatment for patients with non-irradiated
recurrent sarcomas to potentially improve both OS and RFS.

The current National Comprehensive Cancer Network (NCCN)
guidelines reflect the poorly defined role of RT [30]. In the preoperative
setting, the NCCN recommends that RT “be considered. . .[but] not
used routinely” for biopsy-proven resectable sarcomas. In the
postoperative setting, RT can “be considered” following R1
resections or R0 resections in select patients. Given the subjective
nature of these recommendations and the numerous treatment options
for RPS, the Trans-Atlantic RPS Working Group recently released
consensus guidelines for RPS management [31]. These guidelines state
that neoadjuvant RT therapy is safe for most patients with the greatest
utility for unresectable tumors; however, the evidence is limited, based
solely on retrospective studies. Thus, the working group was unable to
provide recommendations for or against the use of neoadjuvant RT.
This may change based on the results of the ongoing international
cooperative trial (STRASS) examining preoperative RT use [32]. In
contrast, there is strong evidence against the use of IORT and
postoperative EBRT due to potentially large treatment fields and risk for
toxicity and are therefore considered “never recommended” treatment
modalities. Despite these recommendations, both the NCCN and Trans-
AtlanticWorking Group emphasize that patients require evaluation by a
multidisciplinary team with experience in treating RPS [30,31]. Thus,
analyzing experiences from high-volume centers remains imperative.

At our institution specialty surgeons, radiologists, pathologists,
medical, and radiation oncologists meet weekly to discuss data for all
newly diagnosed STS before treatment plans are finalized. It is possible

TABLE IV. Cox-Proportional Hazards Model for Created for (a) Adjusted
Risk of Recurrence and (b) Adjusted Risk of Death

Adjusted risk of recurrence

Variable HR Lower 95%CI Upper 95%CI P-value

Use of perioperative RT 0.34 0.17 0.69 0.003
Age (per decade) 1.00 0.78 1.28 0.97
Tumor size (ref¼<5 cm)

5–10 cm 2.88 0.36 23.27 0.32
10–15 cm 5.36 0.64 44.93 0.12
>15 cm 4.52 0.57 35.57 0.15

Tumor grade (per unit) 1.93 1.28 2.91 0.002
Resection margins (ref¼R0)

R1 0.77 0.41 1.46 0.42
R2 2.65 1.13 6.21 0.025

Adjusted risk of death

Variable HR
Lower 95%

CI
Upper 95%

CI P-value

Use of perioperative RT 0.30 0.11 0.80 0.016
Age (per decade) 1.21 0.85 1.72 0.30
Tumor size (ref¼<5 cm)

5–10 cm 0.96 0.11 8.80 0.97
10–15 cm 2.75 0.29 26.32 0.38
>15 cm 1.70 0.20 14.34 0.63

Tumor grade (per unit) 1.62 1.00 2.62 0.051
Resection margins

(ref¼R0)
R1 0.797 0.319 1.988 0.63
R2 6.142 2.236 16.873 <0.001

Fig. 3. (a) Overall survival and (b) Recurrence-free survival in patients presenting with recurrent disease by the use of perioperative RT.

TABLE V. Dose and Toxicity Profiles for EBRT Type (3D vs. IMRT)

Overall 3D (n¼ 12) IMRT (n¼ 10) P-value

EQD2 dose
(Gy)

54.4 (44.2, 66.2) 66.2 (44.2, 66.2) 50 (45.1, 55.9) 0.10

IORT used 10 (45.5%) 8 (66.7%) 2 (20%) 0.079
Toxicity

Grade II
acute

13 (61.9%) 7 (63.6%) 6 (60%) 0.99

Grade III
acute

2 (10%) 0 (0%) 2 (20%) 0.47

Grade III
late

0 (0%) 0 (0%) 0 (0%) 0.99
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Clinical Phase I/II trial to Investigate Preoperative
Dose-Escalated Intensity-Modulated Radiation
Therapy (IMRT) and Intraoperative Radiation
Therapy (IORT) in patients with retroperitoneal
soft tissue sarcoma: interim analysis
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Abstract

Background: To report an unplanned interim analysis of a prospective, one-armed, single center phase I/II trial
(NCT01566123).

Methods: Between 2007 and 2013, 27 patients (pts) with primary/recurrent retroperitoneal sarcomas (size > 5 cm,
M0, at least marginally resectable) were enrolled. The protocol attempted neoadjuvant IMRT using an integrated
boost with doses of 45–50 Gy to PTV and 50–56 Gy to GTV in 25 fractions, followed by surgery and IOERT
(10–12 Gy). Primary endpoint was 5-year-LC, secondary endpoints included PFS, OS, resectability, and acute/late
toxicity. The majority of patients showed high grade lesions (FNCLCC G1:18%, G2:52%, G3:30%), predominantly
liposarcomas (70%). Median tumor size was 15 cm (6–31).

Results: Median follow-up was 33 months (5–75). Neoadjuvant IMRT was performed as planned (median dose
50 Gy, 26–55) in all except 2 pts (93%). Gross total resection was feasible in all except one patient. Final margin
status was R0 in 6 (22%) and R1 in 20 pts (74%). Contiguous-organ resection was needed in all grossly resected
patients. IOERT was performed in 23 pts (85%) with a median dose of 12 Gy (10–20 Gy).
We observed 7 local recurrences, transferring into estimated 3- and 5-year-LC rates of 72%. Two were located
outside the EBRT area and two were observed after more than 5 years. Locally recurrent situation had a significantly
negative impact on local control. Distant failure was found in 8 pts, resulting in 3- and 5-year-DC rates of 63%.
Patients with leiomyosarcoma had a significantly increased risk of distant failure. Estimated 3- and 5-year-rates were
40% for PFS and 74% for OS. Severe acute toxicity (grade 3) was present in 4 pts (15%). Severe postoperative
complications were found in 9 pts (33%), of whom 2 finally died after multiple re-interventions. Severe late toxicity
(grade 3) was scored in 6% of surviving patients after 1 year and none after 2 years.
(Continued on next page)
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\ %27%pa)ents%
\ %Neoadjuvant%IMRT%%

TD:%45\50%Gy%to%PTV%and%

50%56%Gy%to%GTV%in%25%fxs%

\ %Surgery%
\ %IOERT%(10%\12Gy)%
\ %LC%72%%@%3%and%5%yrs%

\ %PFS%40%%@3%and%5%yrs%



En7bloc)R0)resecHon)is)the)recommended)treatment)when%feasible%and%sequelae%are%accepted%
by%the%pa)ent.%The%expected%5\year%relapse\free%survival%aGer%R0%resec)on%is%in%excess%of%50%%

(level)of)evidence)IV,)recommendaHon)B).%%
%

If)en7bloc)R0)resecHon)seems)unfeasible%on%the%basis%of%loca)on,%or%the%pa)ent%does%not%

accept%the%surgical%morbidi)es,%other%op)ons%should%be%considered%(i.e.%RT).%Salvage%of%nerve%

roots%might%be%possible%at%the%expense%of%a%microscopically%posi)ve%margin.%Addi)onally,%

tumour%extension%into%the%spinal%canal%precludes%a%wide%margin.%

%

Adjuvant)radiotherapy)should)always)be)considered)for)skull)base)and)cervical)spine)
chordomas,)and)for)sacral)and)mobile)spine)chordoma)if)microscopic)posiHve)margins)(R1)%

are%noted%in%the%final%pathological%examina)on%and%the%tumour%has%not%been%spilled%during%

surgery,%while%taking%a%biopsy%sample,%or%decompression.%%

%

Moreover,%definiHve)radiotherapy)alone)(eg,)without)debulking))is)an)alternaHve)to)surgery%

(level)of)evidence)V,)recommendaHon)C).%%
%



For%tumours)arising)from)S4)and)below,%surgery%should%definitely%be%offered%as%the%
first%choice%to%pa)ents%(level)of)evidence)IV,)recommendaHon)A).%%

For%tumours)originaHng)from)S3,%surgery%is%the%standard%treatment,%especially%if%

preserva)on%of%S2%roots%is%possible%because%the%surgery%could%result%in%some%

neurological%recovery%(40%%of%the%cases)%(level)of)evidence)IV,)recommendaHon)A).%%

For%tumours)originaHng)above)S3,%surgery%always%results%in%important%neurological%

sequelae%and%the%chance%of%obtaining%an%R0%resec)on%is%lower%compared%to%chordoma%

arising%below%S3.%Therefore,%the%risks%and%benefits%of%surgery%versus%radiaHon%alone%
should%be%discussed%with%the%pa)ent%(level)of)evidence)IV,)recommendaHon)B).%



RT)Volume)
In)case)of)R1)resecHon,%CTV2%needs%to%include%the%area%of%posi)ve%resec)on%margin,%as%reconstructed%by%descrip)on%of%surgery%and%

pathological%changes%report%(level)of)evidence)V,)recommendaHon)A).%AVer)R2)resecHon,%CTV2%needs%to%include%areas%of%

microscopic%disease%followed%by%a%further%cone%down%to%CTV3%to%include%visible%tumours%plus%reduced%margins%(level)of)evidence)V,)
recommendaHon)A).%AVer)R0)resecHon,%the%role%of%a%reduced%volume%boost%on%a%CTV2%is%s)ll%controversial%(level)of)evidence)V,)

recommendaHon)C).%

%

RT)Dose)
In%case%of%macroscopic)residual)disease,%high\dose%radiotherapy%(≥)74)GyE)%with%conven)onal%

frac)ona)on%(photons)and)protons)%has%to%be%delivered%to%the%CTV2,%and%at%least%50–54%GyE%to%the%
wider%CTV1.%In%case%of%R1/R0)resecHon,%the%dose%to%high%risk%volume%can%be%limited%to%70)GyE)(level)
of)evidence)V,)recommendaHon)A).%
In%case%of%macroscopic)disease,%moderate%hypofrac)ona)on%is%feasible%(3–4.4)GyE)per)fracHon,)in)
22–16)fracHons)with)carbon)ions)%with%the%wider%CTV1%receiving%at%least%36%GyE%(level)of)evidence)
V,)recommendaHon)A).%



Take)home…)

Sarcomi)delle)estremità:)

•  IMRT%(e%IGRT)%sono%preferibili%

•  IGRT%potrebbe%consen)re%riduzione%del%volume%(trial%in%corso)%

•  RT%preoperatoria%è%preferibile%alla%postoperatoria%
%

Sarcomi)del)retroperitoneo:))

•  Linee%guida%per%contornamento%

•  Sarebbe%preferibile%la%RT%preoperatoria%(trial%in%corso)%
•  IORT%potrebbe%essere%u)le%
%

Cordoma)sacrale)(e)non)solo))

•  Linee%guida%da%Consensus%Group%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%






