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that: salivary gland ADC values rose during and 
after treatment with both EPI and HASTE DW-
MRI techniques and differences between/within 
the PG and SMG were observed. In addition, we 
have observed that different DW-MRI techniques 
may provide different data. This suggests that while 
DW-MRI merits further investigation as a marker 
of CRT effect in the salivary glands: the optimum 
DW-MRI technique and timing needs to be defi ned, 
glands should be considered separately and sub-
regions within the glands should be analyzed. More 
detailed understanding of possible heterogeneity in 
the response to CRT within an individual gland 
and the relationship between radiotherapy dose 
and functional effect could help to support the 
development of sophisticated treatment planning 
with preferential sparing of specifi c parts of the 
salivary glands, in an effort to further reduce the 
morbidity of CRT [http://clinicaltrials.gov/show/
NCT01955239].        
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 Treatment of patients with locally recurrent or meta-
static head and neck squamous cell carcinoma (R/M 
HNSCC) is a great challenge. The phase III EXTREME 
trial demonstrated that the addition of cetuximab to 
the combination platinum-based chemotherapy and 

5-fl uorouracil (5-FU) signifi cantly prolonged median 
survival from 7.4 months to 10.1 months in patients 
with R/M HNSCC [1]. The purpose of this study was 
to evaluate the effi cacy and toxicity of the EXTREME 
regimen in patients outside clinical trial.  
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was 29% (0 CR, 6 PR) and DCR was 48% (0 CR, 
6 PR, 4 SD).The median duration of PFS was 5.8 
months (95% CI 4.3 – 7.3 months) and the median 
OS was 7.3 months (95% CI 5.0 – 9.7 months) 
(Figure 1). 

 Ten patients had grade 3 or 4 events of 
hypokalemia, nine had neutropenia, seven had skin 
reactions, fi ve had febrile neutropenia, fi ve had 
thromboembolic complications, and two had ana-
phylactic reaction. Two patients died of febrile neu-
tropenia after the fi rst cycle of treatment. Grade 3 
and 4 toxicities are detailed in Table II. Chemo-
therapy was discontinued due to adverse events in 
seven patients and four patients chose to end the 
treatment because of deterioration in quality of 
life. 

 Thirteen patients were p16 negative and eight 
patients were p16 positive on analysis of their initial 
tumor biopsies at diagnosis. The median survival for 

 Methods 

 From October 2009 to March 2012, 22 consecutive 
patients with R/M HNSCC received the EXTREME-
regimen at Rigshospitalet, University of Copenha-
gen, Denmark. The patients were recruited from 63 
patients in need of palliative chemotherapy for R/M 
HNSCC. Their original primary tumors were local-
ized in the oral cavity, parotid glands, larynx, or 
naso-, oro-, or hypopharynx. All patients had histo-
logically confi rmed recurrence or metastasis, and 
neither surgery nor irradiation was possible. The 
original biopsies from all patients were analyzed for 
HPV-status by p16 immunostaining. Only patients 
with WHO performance status (PS) 0 – 1 were 
included. The patients had acceptable hematopoi-
etic, hepatic, and renal function. Patients were 
excluded if they had other active malignancy. One 
patient had known inactive prostate cancer. One 
patient received two cycles of the treatment as 
induction prior to brachytherapy and is therefore 
only included in the toxicity evaluation and not in 
the analysis of overall survival (see below). 

 The study was approved by the Danish Data 
Protection Agency. 

 Patients received a maximum of six cycles of 
cisplatin (at a dose of 100 mg/m 2 ) and cetuximab [at 
a dose of 400 mg/m 2  initially, as a 2-hour intravenous 
(loading dose) infusion, then 250 mg/m 2 , as a 1-hour 
intravenous infusion per week] on day 1 and 5-FU 
(at a dose of 1000 mg/m 2  per day for 4 days) every 
three weeks followed by cetuximab maintenance with 
250 mg/m 2  every week until disease progression, 
unacceptable toxicity, or death. 

 Tumor responses were assessed by CT or MRI at 
baseline and after three and six cycles of treatment 
and hereafter every third month for the patients who 
received weekly cetuximab until disease progression. 
Tumor response evaluation was done by Response 
Evaluation Criteria in solid tumors (RECIST) 
version 1.1 [2]. Adverse events were monitored 
according to Common Terminology Criteria for 
Adverse Events v. 4.0 2009 (CTCAE) [3]. Follow-up 
time was 48 – 732 days. 

 The endpoints were toxicity of the treatment, 
overall survival (OS), overall response rate (ORR), 
disease control rate (DCR) [    �    complete response 
(CR), partial response (PR), or stable disease 
(SD)] and progression-free survival (PFS). OS and 
PFS analyses were performed by the method of 
Kaplan-Meier [4].  

 Results 

 Patients ’  characteristics are seen in Table I. 
 Six patients of 21 achieved a PR and four 

patients had SD. No patients achieved CR. ORR 

  Table I. Patient and tumor characteristics.  

Variables n %

Gender
Female 4 18
Male 18 82

Age
Median age 52
Range 42 – 64

Performance
0 13 59
1 9 41
2 0 0

Site of primary
Nasopharynx 1 5
Oral cavity 4 18
Oropharynx 14 64
Hypopharynx 1 5
Larynx 1 5
Other (parotis) 1 5

TNM stage
I 1 5
II 2 9
III 2 9
IVA 13 59
IVB 2 9
IVC 2 9

Previous treatment
Surgery 3 14
Surgery  �  RT 3 14
Surgery  �  RT  �  chemotherapy 2 9
RT 10 45
RT �  chemotherapy 2 9
EXTREME fi rst treatment 2 9

Previous chemotherapy for R/M disease
EXTREME fi rst line 17 77
EXTREME second line 5 23

Extent of disease
Locoregional recurrence 10 45
Metastatic disease 12 55
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 Discussion 

 This retrospective study of Danish patients treated 
for R/M HNSCC with the EXTREME regimen of 
cisplatin, 5-FU, and cetuximab demonstrates that 
the regimen is associated with severe side effects. 

 Two randomized phase III trials showed that 
patient with R/M HNSCC benefi t with regard to 
survival by the addition of cetuximab to platinum-
based chemotherapy. In 2005 Burtness et   al. demon-
strated in a study with 123 patients that cisplatin plus 
cetuximab gave a median survival of 9.2 months 
compared to 8.0 months in the control group with 
cisplatin plus placebo. These results, however, were 
not signifi cant (p    �    0.21) [5]. Vermorken et   al. showed 
a signifi cantly prolonged survival from 7.4 months 
in the control group receiving platinum-based chemo-
therapy and 5-FU to 10.1 months in the group that 
received the same chemotherapy plus cetuximab [4]. 

 In this present study the median OS was 7.3 
months (95% CI 5.0 – 9.7) which is not different from 
the former standard treatment with platinum-based 
monotherapy [1,5,6]. The median survival for 
patients whose original tumor was p16 positive was 
not reached, and the median survival for patients 
whose primary tumor was p16 negative was 6.1 
months. This raises the question whether R/M 
HNSCC p16 negative and R/M HNSCC p16 posi-
tive patients benefi t from and tolerate the same 
treatment. Our results indicate that p16 negative 
patients have a poorer prognosis than p16 positive 
patients also in the relapse setting. However, the 
results do not demonstrate whether the treatment is 
more effi cient in p16 positive patients or whether the 
p16 positive patients are in better general condition, 
even at relapse, and thus better able to tolerate the 
relatively toxic regimen. In the present study 13 of 
the 21 patients were p16 negative and they had 
poorer general health and developed more severe 
side effects than the p16 positive patients. 

 Another explanation for the short median overall 
survival is that the EXTREME-regimen may be 
more toxic when used outside clinical trials. In the 
Vermorken et   al. study 4% of the patients withdrew 
consent, and adverse events led to discontinuation in 
20% of the patients in both the control group and 
the group treated with chemotherapy plus cetuximab 
[1]. In the current study, four of 22 patients chose 
to end the treatment due to negative impact on qual-
ity of life, and seven of 22 patients had to end the 
treatment because of severe adverse events. Hence 
11 of 22 ended the treatment due to side effects. 
Three patients died within the fi rst months due to 
side effects of the treatment. Two patients died of 
febrile neutropenia after the fi rst cycle of treatment. 
Both patients were in good health apart from the 

p16 positive patients was not reached. The median 
survival for p16 negative patients was 6.1 months 
(Figure 1). Four of the fi ve patients with grade 4 
febrile neutropenia were p16 negative and four of the 
fi ve patients with thromboembolic complications 
were p16 negative. Twelve patients had PS 0 and nine 
had PS 1. Seven of the of the eight p16 positive 
patients had PS 0 and one patient had PS 1, fi ve of 
the p16 negative were PS 0 and eight were PS 1. As 
expected, the patients with PS 0 lived longer than the 
patients with PS 1.  

  Table II. Toxicity.  

Variables n %

Patients 22 100
Anemia

grade 3 4 18
grade 4 0 0

Allergic reaction
grade 3 0 0
grade 4 2 9

Febrile neutropenia
grade 3 0 0
grade 4 5 23

Hypokalemia
grade 3 9 41
grade 4 1 4.5
total 10 45

Leukocytopenia
grade 3 4 18
grade 4 3 14
total 7 32

Neutropenia
grade 3 3 14
grade 4 5 23
total 8 36

Thrombocytopenia
grade 3 1 4.5
grade 4 1 4.5
total 2 9

Thrombo-embolism
grade 3 5 23
grade 4 0 0

Skin reaction
grade 3 7 32

  Figure 1.     Overall survival of all patients and patients divided by 
p16 status.  
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of only 22 patients, and as mentioned above the group 
of patients was very heterogeneous. However, patients 
with recurrent or metastatic head and neck cancer are 
often heterogeneous. Our cohort included one patient 
with nasopharyngeal SCC, one patient with SCC of the 
parotid gland, two patients who had survived several 
recurrences, and two patients where the treatment was 
the fi rst treatment for a HSCNN presenting with met-
astatic disease. Twelve patients had previously been 
treated for recurrences several years prior to the present 
relapse. However, they all had PS 0 – 1 before starting 
the treatment. 

 In conclusion, the current retrospective study 
indicates that the EXTREME-regimen may not 
add as much to overall median survival and may 
be more toxic than expected when used in patients 
with R/M HNSCC outside clinical trials. The 
results also suggests that R/M HNSCC patients 
whose original tumors were p16 positive may 
benefi t more from the EXTREME-regimen than 
patients with p16 negative primary tumors. Effec-
tive regimens of cetuximab and chemotherapy with 
less toxicity for the palliative treatment of R/M 
HNSCC patients are highly desirable and relevant 
to investigate.            
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R/M HNSCC diagnosis, had PS 1, were physically 
active, and had no comorbidities. One patient devel-
oped pancytopenia after the fi rst cycle of treatment 
and died 29 days later in a hospice. The patient had 
in 1989 undergone allogenic bone marrow transplan-
tation and total body irradiation (TBI, 12 Gy) for 
acute myeloid leukemia and had been treated for 
relapse of the HNSCC fi ve times with surgery, radi-
ation (IMRT 66 Gy), brachytherapy, total laryngo-
pharyngectomy with hyperbaric oxygen therapy, 
and nine cycles of paclitaxel and capecitabine 
without any sign of bone marrow suppression. The 
patient had PS 1 and was eager to try the EXTREME 
regimen when diagnosed with relapse for the sixth 
time. However, he had for months before been 
weakened due to a  Clostridium diffi cile  infection. 
Two patients developed grade 4 infusion-related 
anaphylactic reactions when treated with cetuximab, 
which match results found by Keating et   al. in a ret-
rospective study of 125 patients with various cancer 
types receiving cetuximab. They found that 14.5% 
experienced a grade 3 or 4 allergic reaction [7]. 

 Twenty-three percent (5/22) of our patients 
developed grade 3 venous thromboembolic compli-
cations (VTEs) with deep vein thrombosis and pul-
monary embolism. Cancer patients are known to 
have a four-fold higher risk of venous or arterial 
thromboembolism, and treatment with chemother-
apy increases the risk [8]. Moore et   al. found in a 
large retrospective analysis of 932 cancer patients 
with any type of malignancy receiving cisplatin-based 
treatment that 18.1% developed arterial or venous 
thromboembolic events. HNSCC patients are not 
normally considered high-risk cancer patients for 
developing thromboembolic events, but Moore et   al. 
found that 12.8% (12/94) head and neck cancer 
patients developed arterial or venous thromboembolic 
complications [8]. 

 In the EXTREME trial there is no report of any 
venous or arterial thromboembolic complications 
[9]. The consequences of thromboembolic events are 
serious, leading to long-term anticoagulation treat-
ment with a bleeding risk, and, more importantly, 
increased mortality, as thrombotic events are the sec-
ond leading cause of death of cancer patients (after 
cancer itself). Burtness et   al. found that three of 58 
patients developed VTEs and one patient had a VTE 
in the control group not receiving cetuximab. Mod-
ern targeted therapies, such as antiangiogenic agents 
and agents targeting vascular endothelial growth 
factor (VEGFR), are associated with an increased 
risk of developing venous or arterial thromboembolic 
complications. However, little is known about the 
risk of vascular events associated with EGFRs [10]. 

 There are several limitations to this study. The fol-
low-up time is 48 – 732 days, the study group consists 
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  To the Editor,  

 Craniospinal irradiation (CSI) is part of the multi-
disciplinary management of pediatric and adult 
tumors with potential subarachnoid dissemination. 
In particular, CSI is required for curing medullo-
blastoma, primitive neuroectodermal tumors and 
other pediatric brain malignancies. 

 The treatment volume in CSI extends from the 
cranial vertex to the end of the thecal sac to cover 
the entire leptomeningeal space. This large volume 
needs complex treatment planning, which entails set-
ting multiple isocenters and matching a large num-
ber of fi elds to obtain satisfactory plans. 

 The fi eld-junction area is a critical region, because 
under-dosage may compromise tumor control, while 
over-dosage may increase the risk of serious radia-
tion-induced late effects, e.g. spinal cord radionecro-
sis. Daily junction shifts are usually used to prevent 
setup errors occurring at the same position. 

 Conventional three-dimensional (3D) conformal 
CSI is a complex procedure and frequently results in 
a high risk of severe side effects. Therefore it was grad-
ually replaced by inverse-planned radiotherapy tech-
niques, which allowed improved conformity, dose 
uniformity, diminished hot spots and a better sparing 
of organs at risk (OARs). Correspondingly, new tech-
niques to solve the problem of the fi eld-junctions have 
been investigated. Optimized fi eld-junctions in CSI 
treatment were created by using guiding volumes [1], 
jagged junctions [2] and split fi elds [3]. Myers et   al. 
[4] evaluated the effects of setup errors in the junction 

area with volumetric modulated arc therapy (VMAT), 
and proposed a gradient-optimized solution to mini-
mize the effects of patient positioning. Hardley et   al. 
[5] compared a gradient-dose technique with the con-
ventional junction shifts technique, showing dimin-
ished hot spots from systematic positioning errors over 
the course of treatment. From these studies it can be 
concluded that the most robust fi eld-junction is pro-
duced by two adjacent beams with a linear and com-
plementary dose gradient at the beam edges in the 
overlapping region. 

 Several reports argue for the potential benefi ts of 
protons when compared to photon techniques [6], 
to reduce late toxicity and risk of secondary malig-
nancies [7,8], due to the distal dose fall-off that 
results in a maximal sparing of OARs located beyond 
the target. In fact, proton therapy has virtually no 
exit dose and is benefi cial to spare cervical, thoracic 
and abdominal OARs in particular in pediatric 
patients. Unfortunately, the junctions ’  problem is 
similar in photon therapy and proton therapy [9] and 
careful attention in the spinal junction regions is 
recommended also for proton beams [10]. 

 In this study, a new technique is presented for 
planning gradient-shaped fi eld-junction in pencil 
beam scanning proton therapy. It was based on the 
use of an ancillary beam, which produced in the 
junction region a linear dose-gradient (from zero to 
full dose) along the cranio-caudal axis. The ancillary 
beam was used to guide the inverse planning of the 
posterior adjacent beams, but it was not used for 
dose delivery. 


