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  Pref ace    

 The history of radiation therapy for malignant diseases dates back through-
out almost the complete twentieth century. Neither three-dimensional 
cross-sectional imaging, such as computed tomography or magnetic reso-
nance imaging, nor functional imaging, such as positron emission tomogra-
phy, was available during the fi rst decades. This resulted in treatment 
planning approaches that most of today’s radiation oncologists are com-
pletely unfamiliar with. One particular example highlighting the develop-
ment in a highly radio-curable malignancy is Hodgkin’s lymphoma. 
Compared to historical extended fi eld radiotherapy based on bony land-
marks defi ning the fi eld borders, we have witnessed the introduction of 
involved fi eld and involved node radiotherapy. Our ability to account for 
organ motion during treatment delivery has changed the way of administer-
ing radiation to the lung and mediastinum. Simultaneously, evolution of 
image-guided and high-precision application technology has outperformed 
clinician’s ability to precisely defi ne the clinical target volume (CTV) in a 
number of diseases. Practicing radiation oncologists have to make several 
important decisions during treatment planning and realization, one patient 
at a time. It all starts with staging, multi-disciplinary discussion and volume 
delineation, in case radiotherapy is indicated and recommended. It would 
be of limited or no value to precisely deliver the prescribed treatment to an 
incorrectly defi ned CTV. 

 The purpose of this book is to provide practicing radiation oncologists and 
therapists, as well as those in training, with a concise overview of the most 
important and up-to-date information pertaining to target volume defi nition. 
Several chapters, e.g., those dealing with lymphoma, sarcoma and spine/spi-
nal cord malignancies, not only include common clinical scenarios but also 
present challenging cases and rare cancer types. The issue of interobserver 
variability is addressed, and when available, the reader is introduced to con-
sensus guidelines. 

 We are most grateful for the enthusiasm and courtesy all chapter authors 
showed during preparation of this truly international volume and for the fruit-
ful discussion with many colleagues. We also appreciate the excellent support 
from the publisher. We hope that the reader will fi nd this book to be a useful 
summary of current knowledge. Only continued cooperative research will 
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provide a better basis for tolerable and effi cacious treatment regimens, 
exploiting the promises put forward by the emerging concepts of personal-
ized, ablative and adaptive radiation therapy.  

Freiburg, Germany Anca-Ligia Grosu
Bodo, Norway Carsten Nieder

Preface 
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1.1             Brain Gliomas 

1.1.1     Introduction 

 Radiation therapy, together with surgery and 
 chemotherapy, plays a crucial role in the manage-
ment of malignant brain gliomas. Considering 
the complex functional anatomy of the brain, in 
no other anatomical region, the exact delivery of 
the radiation dose and the protection of normal 
tissue have such a high impact like in the brain. 
Therefore, the exact target volume delineation 
plays an essential role in high-precision radiation 
therapy of brain lesions. 

 In glioblastoma (GBM) maximum safe surgi-
cal resection, conventionally fractionated postop-
erative radiation therapy over 6 weeks (60, 2 Gy/
day) and chemotherapy with temozolomide (con-
comitant and post radiotherapy) represent the 
standard treatment approach (Stupp et al.  2005 ). 
Also in anaplastic (WHO grade III) astrocytomas 
(AA), oligodendrogliomas (AO) and oligoastro-
cytomas (AOA), radiation therapy plays an 
important role in the overall treatment strategy, 
together with chemotherapy with PCV (procar-
bazine, lomustine, vincristine) or temozolomide 
(Wick et al.  2009 ; Cairncross et al.  2013 ; van den 
Bent et al.  2013 ). In low-grade gliomas (WHO 
grade II), immediate radiation therapy has been 
shown to result in a progression-free survival 
benefi t and an advantage in seizure control com-
pared with the same treatment given on tumour 
progression. However, no overall survival benefi t 
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was demonstrated (Karim et al.  1996 ; Shaw et al. 
 2002 ,  2012 ; van den Bent et al.  2005 ). 

 In the current chapter we discuss the target 
volume delineation for radiation therapy of glio-
mas in adults. Therefore, we will focus our dis-
cussion on low-grade gliomas WHO grade II and 
high-grade gliomas WHO grades III and IV. For 
all these tumour entities, the pathological charac-
teristics and the imaging modalities as computed 
tomography (CT), magnetic resonance imaging 
(MRI), positron emission tomography (PET) and 
single-photon emission computed tomography 
(SPECT) will be briefl y described before the 
main principals of target volume delineation are 
individually discussed.  

1.1.2     Epidemiology 

 The incidence rate of newly diagnosed primary 
malignant brain tumours is estimated at 3.8 per 
100,000 males and 3.1 per 100,000 females per 
year. This rate is higher in developed countries 
(males: 5.8 per 100,000; females: 4.4 per 
100,000) than in less developed countries (males: 
3.2 per 100,000; females: 2.8 per 100,000). 
About 70 % of these tumours are GBM, 10–15 % 
AA, 10 % AO and AOA and the rest are less com-
mon tumour entities like ependymomas and ana-
plastic gangliogliomas (Ferlay et al.  2010 ; Louis 
et al.  2007 ).  

1.1.3     Pathology 

 Gliomas are neuroepithelial tumours and are fur-
ther classifi ed by the World Health Organization 
(WHO) according to the cell type they arise from, 
e.g. astrocytoma, oligodendroglioma and mixed 
oligoastrocytoma (Louis et al.  2007 ), Table  1.1 . 
Tumour grading is assessed by histopathological 
features such as the presence of nuclear pleomor-
phism, increased mitotic activity and cellularity, 
endothelial cell proliferation and necrosis. 

 Interesting data on the biology of gliomas 
have been obtained by immunostaining of 
autopsy-derived human whole-brain sections of 
four patients with diffuse gliomas using a specifi c 

antibody detecting the R132H mutation of the 
gene encoding for isocitrate dehydrogenase 1 
(IDH1) (Capper et al.  2009 ), illustrating that gli-
omas are not only diffusely infi ltrating into cen-
tral nervous tissue but are in fact diseases of the 
whole brain bearing tumour cells in macroscopi-
cally inconspicuous areas (Sahm et al.  2012 ). 

 The WHO classifi cation of gliomas according 
to histological subtype and grade as predictor of 
malignant potential, response to treatment and 
survival is currently challenged by molecular 
fi ndings that show a better prediction of the out-
come than the histological grading alone 
(Tabatabai et al.  2010 ; Weller and Wick  2014 ). 

 Most prominently, epigenetic silencing of the 
DNA repair enzyme O6-methylguanine-DNA 
methyltransferase (MGMT) by promoter methyl-
ation in GBM cells predicts responsiveness to 
temozolomide chemotherapy (Esteller et al.  2000 ) 
and is an independent favourable prognostic fac-
tor irrespective of treatment (Hegi et al.  2005 ). 

 An integrated genomic analysis of GBM led 
to the discovery of recurrent mutations in the 
IDH1 gene associated with a signifi cant increase 
in overall survival (Parsons et al.  2008 ). In a 
series of 382 patients with anaplastic astrocy-
toma (WHO III°) and GBM (WHO IV°), IDH1 
mutation was the most prominent single prognos-
tic factor followed by age, histological diagnosis 
and MGMT (Hartmann et al.  2010 ), whereas the 
prognostic value of IDH1 mutations in low-grade 

   Table 1.1    Overview of WHO classifi cation of glioma 
(Louis et al.  2007 )   

 Grading  Entity 

 WHO I°  Pilocytic astrocytoma 
 Subependymal giant cell astrocytoma 

 WHO II°  Diffuse astrocytoma 
 Pleomorphic xanthoastrocytoma 
 Oligodendroglioma 
 Oligoastrocytoma 
 Gemistocytic astrocytoma 

 WHO III°  Anaplastic astrocytoma 
 Anaplastic oligodendroglioma 
 Anaplastic oligoastrocytoma 
 Gliomatosis cerebri 

 WHO IV°  Glioblastoma multiforme 
 Gliosarcoma 

A.-L. Grosu et al.
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astrocytomas is rather low compared with that in 
high-grade gliomas (Ahmadi et al.  2012 ). 

 Common genetic alterations in tumours with 
an oligodendroglial component are codeletions 
of 1p and 19q. Two large prospective randomised 
trials, RTOG 9402 and EORTC 26951, indepen-
dently showed that loss of 1p/19q was associated 
with signifi cantly longer progression-free and 
overall survival (Cairncross et al.  2013 ; van den 
Bent et al.  2013 ). 

 Considering the increased impact of molecu-
lar markers on the development of treatment 
strategies in gliomas, the introduction of molecu-
lar markers into the next WHO classifi cation of 
tumours of the nervous system will be inevitable 
(Weller and Wick  2014 ). 

 Especially in unresectable gliomas with limited 
histological material available for neuropatho-
logic examination, multimodal-imaging-guided 
stereotactic biopsy correlates signifi cantly better 
with cell density and proliferation marker MIB-1 
labelling than targets that were chosen for biopsy 
based on the highest amino acid uptake in [ 18 F]
FET-PET or contrast enhancement on MRI 
(Gempt et al.  2014 ).

1.1.4        Imaging 

1.1.4.1     Computed Tomography (CT) 
 CT information should be obtained from a 
contrast- enhanced, 1–2-mm, multi-slice CT, per-
formed from the vertex to foramen magnum. 
Different CT windows (bones, orbit and soft tis-
sue) should be used for the delineation of tumour 
and critical structures. CT could be an important 
additional investigation to MRI and PET for visu-
alisation of blood/hemorrhagic tissue and soft tis-
sue calcifi cation or bone structures. Nowadays, 
target volume delineation for treatment of glio-
mas should no longer exclusively depend on CT 
imaging (Fiorentino et al.  2013 ). In rare cases 
where patients have an absolute or relative contra-
indication for MRI examination, e.g. all kinds of 
pacemakers, insulin or morphine pumps, recently 
implanted endoprostheses, neurostimulators, 
cochlear implants, granite splinters, etc., CT 
alone can be used for target volume delineation.  

1.1.4.2     Magnetic Resonance 
Imaging (MRI)  

 Due to its outstanding contrast in soft tissue 
imaging and the availability of axial, sagittal and 
coronal 3D reconstructable datasets with a slice 
thickness in the range of 0.5–1.2 mm, pre- and 
postoperative MRI is the standard imaging 
modality in glioma target volume delineation and 
evaluation of treatment response. A standard set 
of MRI sequences available for glioma target vol-
ume delineation should include native and 
contrast- enhanced 3D-T1-weighted (e.g. 
MP-RAGE) sequences and thin-sliced 3D-T2- 
weighted sequences (e.g. fl uid-attenuated inver-
sion recovery, FLAIR, T2 SPACE). 

 Generally, low-grade gliomas WHO grade II 
are hyperintense on T2-weighted and FLAIR 
images and hypointense on native T1-weighted 
MRI. Characteristic for low-grade gliomas is the 
intact blood-brain barrier (BBB), and therefore 
no contrast enhancement is seen after intravenous 
application of gadolinium. However, both the 
T1-weighted images and the T2 sequences have 
considerable limitations in the precise visualisa-
tion of the gross tumour volume (GTV),  especially 
in low-grade gliomas with diffuse infi ltration. 
Neither on the T1- nor on the T2-weighted images 
precise differentiation between tumour infi ltra-
tion, oedema, reactive gliosis and other treatment-
related changes is possible. 

 High-grade gliomas WHO III and IV are char-
acterised by contrast enhancement on 
T1-weighted MRI. Especially GBM shows areas 
of necrosis, compression of the surrounding nor-
mal tissue and sometimes midline deviation. 
Tumour-surrounding oedema cannot be differen-
tiated from non-contrast enhancement tumour 
areas. 

 In summary, in low- and high-grade gliomas, 
conventional MRI shows a high sensitivity for 
the diagnosis of a brain tumour but a low speci-
fi city concerning the histology of the tumour tis-
sue. Moreover, traditional MRI is unable to 
differentiate between tumour and oedema or 
treatment-related changes. Therefore, the tradi-
tional MRI alone does not offer the information 
necessary for accurate delineation of tumour 
margins in brain gliomas. 

1 Brain Tumors
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 Advances in MRI can provide signifi cant infor-
mation about the biology of low- and high- grade 
gliomas and will be used in the future as bio-imag-
ing/biomarkers for the development of improved 
treatment strategies. There are recent data showing 
that new MRI techniques are able to detect subtle 
changes in white matter organisation (diffusion 
tensor imaging), cellular proliferation (diffusion 
MRI and MR spectroscopy) or angiogenesis (per-
fusion MRI) (Price and Gillard  2011 ). Stadlbauer 
et al. ( 2011 ) used MR spectroscopy for the visuali-
sation of the infi ltration zone of gliomas. In 20 
patients, they compared the proton-MRI spectros-
copy data with the results of stereotactic biopsies 
and postulated that the method for automated seg-
mentation of the lesion-related metabolic changes 
signifi cantly improved tumour delineation in brain 
gliomas compared to traditional methods.  

1.1.4.3       Positron Emission 
Tomography (PET)  

 Although MRI accurately depicts the anatomy of 
the brain, neither contrast enhancement in 
T1-weighted images nor hyperintensity in 
T2-weighted images is a specifi c surrogate for 
neoplastic lesions. Moreover, after intensive mul-
timodality treatment of glioma, it has been 
realised that effects like pseudo-progression or 
pseudo-remission may occur, challenging the pre-
dominant role of MRI for visualisation of tumour 
tissue during follow-up (Brandsma et al.  2008 ). 

 Mitotically active glioma cells are character-
ised by increased metabolism (glycolysis, protein 
synthesis, DNA synthesis; Demetriades et al. 
 2014 ), and therefore, imaging of biological and 
molecular tumour characteristics by PET is an 
emerging approach to improve the visualisation 
of actual tumour extent and for radiotherapy 
treatment planning (Chen  2007 ; Weber et al. 
 2008 ; Grosu and Weber  2010 ; Götz et al.  2012 ). 

 The most widely used PET tracer in oncology 
is [ 18 F]fl uorodeoxyglucose (FDG). In the context 
of malignant glioma, [ 18 F]FDG-PET was found 
to be of limited value for GTV delineation, due to 
the low contrast between healthy brain tissue and 
tumour (Gross et al.  1998 ). Amino acid PET has 
been shown to have a higher sensitivity and spec-
ifi city, even in comparison to MRI (Grosu and 
Weber  2010 ). 

 Indeed, target volume delineation of malignant 
glioma can differ signifi cantly between MRI and 
[ 11 C]methionine (MET)-PET (Grosu et al.  2005a ). 
On the PET/MRI co-registered images, MET uptake 
on PET and gadolinium enhancement on T1-MRI 
were detected in all 39 patients (100 %). In 5 patients 
(13 %), MET uptake matched exactly with the gad-
olinium enhancement on T1-MRI. However, in 29 
patients (74 %), MET uptake was also located out-
side the gadolinium enhancement on MRI, showing 
additional areas of tumour infi ltration. Moreover, in 
27 patients (69 %), gadolinium enhancement was 
also located outside the MET enhancement on PET, 
showing that gadolinium actually correlates with 
post-surgery BBB disturbances and not with tumour 
tissue. Evaluating the hyperintensity area on 
T2-MRI in comparison to MET uptake on PET, it 
was observed that the extension of MET uptake was 
different from the hyperintensity areas. MET uptake 
was located also outside of the hyperintensity area 
in 9 of 18 patients (50 %), suggesting tumour tissue, 
and in 100 %, the hyperintensity region on 
T2-weighted MRI extended beyond the MET 
enhancement area, suggesting post-surgery or 
tumour-related oedema. These fi ndings could have 
a signifi cant impact in the development of new rec-
ommendations for target volume delineation in glio-
mas, based on PET. 

 Lee et al. ( 2009 ) evaluated the association 
between MET uptake on PET and the site of fail-
ure after radiochemotherapy of GBM. They 
found that 19/26 patients had a signifi cant 
(>1 cm 3 ) volume delineated by PET (GTV-PET). 
Five of 19 patients had PET-GTV that was not 
completely included within the high-dose area, 
and all the 5 showed noncentral failures (not 
located in high-dose area). In the group of 
patients with adequately covered PET-GTV 
(14/19), only 2 developed a noncentral treatment 
failure. The authors concluded that inadequate 
PET-GTV coverage was associated with 
increased risk of noncentral failure ( p  < 0.01). 

 The short half-life of [ 11 C]MET, however, 
requires the presence of an on-site cyclotron. A 
tracer with a much longer half-life is [ 18 F]
fl uoroethyl- l   -tyrosine (FET), which has later 
been shown to equally detect biologically active 
tumour compared to [ 11 C]MET-PET acquired on 
the same day (Grosu et al.  2011 ). The impact of 

A.-L. Grosu et al.
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PET-based radiation treatment planning on the 
outcome of patients with recurrent high-grade 
gliomas treated with fractionated stereotactic 
radiotherapy was evaluated in a prospective 
single- institution trial (Grosu et al.  2005b ). The 
median overall survival was 5 months when treat-
ment planning was based on MRI/CT compared 
with 9 months when target volume was delin-
eated on amino acid PET and MRI/CT ( p  = 0.03). 
These data suggest that amino acid PET could 
have a signifi cant impact on patient outcome. The 
potential clinical benefi t of [ 18 F]FET-PET-based 
target volume delineation compared to MRI for 
re-irradiation of recurrent GBM is currently 
under investigation in a prospective multicentric 
phase II randomised trial (GLIAA NOA10/ARO 
2013-01).   

1.1.5     Target Volume Delineation 
and Radiation Treatment 
Planning in Gliomas 

1.1.5.1     Low-Grade Gliomas (WHO II) 
 Gross tumour volume (GTV) delineation in low- 
grade gliomas (oligodendrogliomas, oligoastrocy-
tomas and astrocytomas WHO grade II) is based 
generally on T2-weighted and FLAIR MRI images 
(Table  1.2 , Shaw et al.  2012 ; Fairchild et al.  2012 ; 
Musat et al.  2010 ), considering that an important 
characteristic of these tumours is the absence of 
contrast enhancement on T1-weighted MRIs. 

However, it is well known that the sensitivity of T2 
and FLAIR MRI for tumour tissue is very high, but 
the specifi city is relatively low. Thus, tumour tissue 
cannot be differentiated from surrounding oedema 
or treatment- related changes (e.g. tissue injury 
after surgery). Therefore, the problem remains that 
in non-operated low-grade gliomas, the GTV 
delineated based on T2-weighted and/or FLAIR 
MRI could encompass not only tumour tissue but 
also oedematous normal brain tissue. Additionally, 
in operated patients, the GTV could include close 
to residual tumour non-tumoural tissue with hyper-
intense signal on T2 and FLAIR, e.g. post- surgery 
gliosis and oedema. After complete tumour resec-
tion, the concept of GTV encompassing the resec-
tion cavity – as used generally in different trials 
and publications – is not in line with the ICRU 
Criteria for GTV defi nition: the resection cavity 
should be included in the clinical target volume 
(CTV) and not in the GTV defi nition.  

 The CTV encompasses the possible micro-
scopic tumour infi ltration, including the resection 
cavity (in operated patients) and the surrounding 
normal appearing tissue in an area of 5–15 mm, 
excluding anatomical borders like the falx, skull, 
liquor areas, etc. (Fairchild et al.  2012 ). In our insti-
tution, we make the distinction between well-
delineated low-grade gliomas, in which the margins 
from GTV to CTV are ca. 5 mm, and diffuse infi l-
trative low-grade gliomas, in which the distance 
from GTV to CTV should be larger (ca. 10–15 mm), 
considering anatomical borders (Fig.  1.1 ).  

   Table 1.2    EORTC and RTOG randomised phase III multicentric studies evaluating the impact of radiotherapy and 
chemotherapy in low-grade gliomas (WHO II): GTV, CTV and PTV defi nition   

 Trial  Irradiation dose  GTV  CTV  PTV  References 

 EORTC 22033- 
26033/CE5 

 50.4/1.8 Gy (28 fx)  Region of high signal 
intensity on T2 or 
FLAIR MRI 
corresponding to the 
hypodense area on CT, 
including any areas of 
CT enhancement, or 
surgical cavity + any 
residual tumour 

 GTV + 
1–1.5 cm 

 CTV + 
5–7 mm 

 Fairchild et al. 
( 2012 ) 
 Musat et al. 
( 2010 ) 

 RTOG 9802  54/1.8 Gy (30 fx)  T2 or FLAIR 
MRI-defi ned tumour 
volume 

 Not defi ned 
 s. PTV 

 GTV + ca. 
1 cm a  

 Shaw et al. 
( 2012 ) 

   a The treatment fi elds included the T2 or FLAIR MRI-defi ned tumour volume plus a 2-cm margin to block edge, result-
ing in an approximate 1-cm dosimetric margin  

1 Brain Tumors
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 We generally recommend the co-registration 
of pre- and post-surgery MRI/CT images. The 
pre-surgery GTV can contribute signifi cant infor-
mation about the possible microscopic tumour 
infi ltration (CTV). However, in this case, the pos-
sible changes of the brain anatomy after surgery 
should be taken in consideration. 

 The planning target volume (PTV) should be 
defi ned considering the precision of patient posi-

tioning in each institution. In low-grade gliomas, 
high-precision radiation therapy is mandatory. 
Stereotactic techniques and/or image-guided 
radiotherapy is needed to reduce the distance 
between CTV and PTV to 1–3 mm. 

 Summarising, the target volume delineation 
for high-precision radiation therapy in low-grade 
gliomas is based on T2-weighted and FLAIR 
MRI. Because of the relatively low specifi city of 

  Fig. 1.1    Astrocytoma WHO grade II in a 54-year-old 
female patient with seizures treated with stereotactic frac-
tionated radiotherapy (2002; total dose 54, 1.8 Gy per 
fraction). The GTV was delineated based on the MET-
PET/T2-MRI image fusion ( upper pictures ). Due to the 
non-infi ltrative pattern of tumour growth, the CTV was 

defi ned as 3-mm margin from GTV. The PTV was CTV 
plus 2 mm. The pictures below show the T2-MRI 10 years 
after treatment (2012), showing partial tumour remission. 
The patient showed also complete remission of the neuro-
logical symptoms (Department of Radiation Oncology, 
Technical University of Munich, Germany)       
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these MRI sequences for tumour tissue, new 
imaging methods for a higher precision in GTV 
delineation are needed. 

 For radiation treatment planning, intensity- 
modulated radiotherapy combined with stereo-
tactic radiotherapy and/or image-guided 
radiotherapy should be considered. Multiple 
fi elds including vertex fi elds or combined 
dynamic arcs should be used to achieve a high 
conformity index. However, the dose to the 
thyroid gland, spinal cord and total body 
should be minimised (Fairchild et al.  2012 ). 
The total dose recommended in low-grade gli-
omas ranges between 50.4 and 54 Gy (Fairchild 
et al.  2012 ; Shaw et al.  2012 ) in 1.8 Gy/day, 
5 days/week. 

 The results of the RTOG (Shaw et al.  2002 ) 
and EORTC (Karim et al.  1996 ; van den Bent 
et al.  2005 ) studies, in which the target volume 
was delineated based on the hypodense area on 
CT, showed 52–55 % progression-free survival 
5 years after radiation therapy. The local recur-
rence was located in the irradiation fi eld in more 
than 90 % of patients. The real impact of MRI in 
comparison to CT for target delineation on the 
clinical outcome was not evaluated systemati-
cally – this could be an interesting question for 
the more recent RTOG and EORTC trials 
(Whitfi eld et al.  2014 ).  

1.1.5.2     High-Grade Gliomas WHO III 
 Describing target volume delineation for WHO 
grade III gliomas, Whitfi eld et al. ( 2014 ) men-
tioned two radiological patterns of such tumours:
    1.    WHO grade III gliomas that have the radio-

logical characteristics of GBM. These might 
best be treated based on T1-MRI with gado-
linium (see Sect.  5.3 ).   

   2.    WHO grade III gliomas with low or lack of 
contrast enhancement on T1-MRI. In these 
tumours, the GTV should encompass the 
Gd-T1- MRI plus the hyperintensity area on 
T2/FLAIR. The CTV should include the GTV 
plus 1.0–1.5 cm.    
  Even though, as the authors comment, there is 

no hard evidence for this strategy, it is well sup-
ported by clinical experience. In aggressive high- 
grade gliomas (group 1), like in GBM, recurrences 
occurred in more than 90 % in the contrast 

enhancement area. In a signifi cant number of 
patients, hyperintensity on T2 is due to oedema, 
and oedema is a consequence of tumour com-
pression and not of macroscopic tumour invasion 
(s. amino acid PET data, Sect.  4.3 ). Therefore, 
T1-MRI and not T2/FLAIR should be used for 
GTV delineation. On the other side, in WHO 
grade III gliomas arising from previous low- 
grade gliomas (group 2), the regional malignant 
transformation in small islands is a frequent path-
ological characteristic. Moreover, oedema due to 
tumour compression is smaller or absent. 
Therefore, the T2/FLAIR sequences should be 
included in target volume delineation because 
changes in T2/FLAIR are related to tumour inva-
sion. This concept was generally followed also 
by the EORTC and RTOG clinical trials, like 
what is presented in Table  1.3 .

   In our opinion, we have to keep in mind that, 
fortunately, the prognosis in a signifi cant num-
ber of these patients might be favourable. 
Therefore, we have to put a lot of effort in spar-
ing normal brain tissue to avoid late side effects 
after radiotherapy. We recommend using addi-
tional information from amino acid PET (if 
available; Fig.  1.2 ) and pre-surgery MRI/CT for 
GTV and CTV delineation. Anatomical borders 
should also be considered. Stereotactic fi xation 
and image-guided radiotherapy could help to 
reduce the distance from CTV to PTV to 
1–2 mm.  

 The total dose should be 59.4 Gy in 1.8 Gy/
day, 5×/week. The delivery of a lower dose (45–
50.4 Gy) to a larger PTV (based on T2-MRI/
FLAIR) and a higher dose to the boost region 
(based on GdT1-MRI) is in many cases a good 
concept, sparing more normal brain tissue 
(Table  1.3 ).  

1.1.5.3      High-Grade Gliomas WHO IV: 
Glioblastoma Multiforme 

 In GBM (WHO IV°), a GTV to CTV margin of 
even 2 cm is the standard (Hochberg and Pruitt 
 1980 ; Wallner et al.  1989 ). It should be noted 
that despite the local treatment approach, dif-
fuse glioma represents a systemic brain disease 
upon diagnosis (Sahm et al.  2012 ). This fact 
might explain the limited, if any, role of dose 
escalation beyond 60 Gy, which was demon-

1 Brain Tumors



8

    Ta
b

le
 1

.3
  

  E
O

R
T

C
 a

nd
 R

T
O

G
 r

an
do

m
is

ed
 p

ha
se

 I
II

 m
ul

tic
en

tr
ic

 s
tu

di
es

 e
va

lu
at

in
g 

th
e 

im
pa

ct
 o

f 
ra

di
ot

he
ra

py
 a

nd
 c

he
m

ot
he

ra
py

 in
 h

ig
h-

gr
ad

e 
gl

io
m

as
 (

W
H

O
 I

II
):

 G
T

V
, C

T
V

 
an

d 
PT

V
 d

efi
 n

iti
on

   

 T
ri

al
 

 H
is

to
lo

gy
 

 Ir
ra

di
at

io
n 

do
se

 
 G

T
V

 
 C

T
V

 
 PT

V
 

 R
ef

er
en

ce
s 

 R
T

O
G

 9
40

2 
 W

H
O

 I
II

° 
 A

O
A

, A
O

 
 A

ft
er

 c
om

pl
et

e 
re

se
ct

io
n:

 
50

.4
/1

.8
 G

y 
 +

 b
oo

st
 9

 G
y/

1.
8 

G
y 

 Su
rg

ic
al

 c
av

ity
 a

nd
 T

2 
ab

no
rm

al
ity

 
 N

ot
 d

efi
 n

ed
 

(c
on

si
de

re
d 

in
 P

T
V

) 
 G

T
V

 +
 2

 c
m

, 
 bo

os
t: 

G
T

V
 +

1 
cm

 
 C

ai
rn

cr
os

s 
et

 a
l. 

( 2
01

3 )
 

 A
ft

er
 b

io
ps

y/
in

co
m

pl
et

e 
re

se
ct

io
n:

 5
0.

4/
1.

8 
G

y 
+

 b
oo

st
 

9/
1.

8 
G

y 

 C
on

tr
as

t e
nh

an
ce

m
en

t o
n 

T
1 

an
d 

T
2 

ab
no

rm
al

ity
 

 N
ot

 d
efi

 n
ed

 
(c

on
si

de
re

d 
in

 P
T

V
) 

 G
T

V
 +

2 
cm

, 
 bo

os
t: 

T
1 

ab
no

rm
al

ity
 +

 1
 c

m
 

 E
O

R
T

C
 2

69
51

 
 W

H
O

 I
II

° 
 A

O
A

, A
O

 
 PT

V
-1

: 
 45

/1
.8

 G
y 

 PT
V

-2
: 

 14
.4

/1
.8

 G
y 

 L
ow

-d
en

si
ty

 a
re

a 
on

 
pr

eo
pe

ra
tiv

e 
C

T
 a

nd
/o

r 
th

e 
hy

pe
ri

nt
en

si
ty

 a
re

a 
on

 
pr

eo
pe

ra
tiv

e 
T

2-
M

R
I 

 N
ot

 d
efi

 n
ed

 
(c

on
si

de
re

d 
in

 P
T

V
) 

 PT
V

-1
: 

 G
T

V
 +

 2
.5

 c
m

 
 PT

V
-2

: 
 G

T
V

 +
 1

.5
 c

m
 

 va
n 

de
n 

B
en

t e
t a

l. 
( 2

01
3 )

 

 C
A

T
N

O
N

 
 E

O
R

T
C

 
26

05
3/

22
05

4 

 W
H

O
 I

II
° 

gl
io

m
a 

 59
.4

/1
.8

 G
y 

 Su
rg

ic
al

 c
av

ity
 +

 c
on

tr
as

t-
en

ha
nc

in
g 

T
1 

ab
no

rm
al

ity
 

+
 T

2/
FL

A
IR

 a
bn

or
m

al
ity

 

 G
T

V
 +

 1
.5

–2
 c

m
 

 C
T

V
 +

 5
–7

 m
m

 
  E

O
R

T
C

 p
ro

to
co

l 
26

05
3/

22
05

4  

 N
O

A
 4

 
 W

H
O

 I
II

° 
 A

A
, A

O
A

, A
O

 
 59

.4
–6

0/
1.

8 
G

y 
 Pr

eo
pe

ra
tiv

e 
M

R
I/

C
T

 
 N

ot
 d

efi
 n

ed
 

(c
on

si
de

re
d 

in
 P

T
V

) 
 G

T
V

 +
 2

 c
m

 
 W

ic
k 

et
 a

l. 
( 2

00
9 )

 

A.-L. Grosu et al.



9

strated in numerous studies. However, the 
impact of dose escalation might become clini-
cally apparent if clear defi nition of a biologi-
cally relevant subvolume or molecular disease 
feature allows for targeted dose escalation to the 
right volume in the right patient (Nieder and 
Mehta  2011 ). 

 In GBM, T2/FLAIR sequences often show 
oedema surrounding the tumour, suspicious of 
subclinical tumour cell infi ltration. However, for 
GBM it has been shown that inclusion of this 
oedema in the GTV leads to signifi cantly larger 
irradiation volumes and doses to the whole brain 
compared to a standard GTV to CTV margin of 
2 cm without inclusion of oedema, but does not 
alter the central pattern of failure (Chang et al. 
 2007 ). Therefore, GdT1-MRI sequences should 
be the basis for GTV delineation in GBM 
(Fig.  1.3 ). Excluding peritumoural oedema may 
permit a signifi cant reduction of irradiated brain 
volume, but safety, effi cacy and reduction in 
treatment-related neurotoxicity have not been 
demonstrated in prospective, randomised trials 
yet (Minniti et al.  2010 ). Different strategies for 
target volume delineation in GBM are presented 
in Table  1.4 . 

   Like in other gliomas, amino acid PET and 
pre-surgery MRI/CT should be co-registered 
with the planning imaging and considered in the 
GTV and CTV delineation. 

 Generally, GBMs are treated with a total dose 
of 60, 2 Gy/day, 5×/week. Recent studies show 

that in elderly patients hypofractionation could 
reduce the treatment time without signifi cant side 
effects (Fariselli et al.  2013 ; Minniti et al.  2013 ; 
Tanaka et al.  2013 ).  

1.1.5.4     Recurrent Gliomas 
 Summarising the data from the literature about 
re-irradiation in high-grade gliomas, we found a 
signifi cant number of studies (14 included in a 
previous review) evaluating 300 patients with 
GBM. Six months progression-free survival was 
28–39 %, 1-year survival was 18–48 % without 
additional chemotherapy (two studies: topotecan 
and CCNU), and the median value for 1-year sur-
vival rate was 26 % (Nieder et al.  2008 ). These 
are encouraging results considering the relatively 
low rate of serious side effects if the total re- 
irradiation dose remains lower than 30–40 Gy in 
2–5 Gy/fraction (Mayer and Sminia  2008 ). 
However, systematic randomised trials are 
needed to fully elucidate the role of re- irradiation. 
Ryu et al. ( 2014 ) recently reported class III evi-
dence confi rming that re-irradiation can be safely 
given for progressive GBM. Generally, the GTV 
encompasses the contrast enhancement on GdT1- 
MRI with a small margin of 3–5 mm to 
CTV. Re-irradiation should be performed using 
high-precision radiation therapy (stereotactic 
radiotherapy, image-guided radiotherapy). 
Therefore, the typical distance from CTV to PTV 
is small, e.g. 1–3 mm (see also Sect.  4.3 ) (Grosu 
et al.  2005b ).  

  Fig. 1.2    CT, GdT1-MRI and FET-PET in a patient with high-grade astrocytoma (WHO III) after surgery. The FET- 
PET images offer additional information concerning residual tumour location       
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1.1.5.5     Organs at Risk 
 The organs at risk that should also be delineated 
include the eyes, lenses, optic nerves, optic chiasm, 
inner ears, brainstem, pituitary gland and hypothal-
amus. Additionally, the volume of the whole brain 
should be contoured to be able to evaluate the mean 
brain dose. Many centres also delineate the hippo-
campi to estimate the risk of neurocognitive decline 
and to be able to spare these structures as much as 
possible by using IMRT, if applicable (Table  1.5 ).

1.2          Brain Metastases 

1.2.1     Epidemiology 

 Brain metastases are by far the most common 
neoplasms in the adult brain and approximately 
20–30 % of all patients with metastatic cancer 
develop brain metastases during the history of 
their disease (Posner and Chernik  1978 ).  

  Fig. 1.3    A 49-year-old male patient with GBM. From 
 left to right : Preoperative contrast-enhanced T1 and 
FLAIR MRI and postoperative contrast-enhanced T1 and 

FLAIR MRI sequences. Corresponding radiotherapy 
treatment plan:  yellow  95 % isodose,  green  80 % isodose, 
 light blue  50 % isodose and  dark blue  30 % isodose       

   Table 1.4    EORTC and RTOG randomised phase III multicentric studies evaluating the impact of radiotherapy and 
chemotherapy in glioblastoma (GBM, WHO IV): GTV, CTV and PTV defi nition   

 Trial  Irradiation dose  GTV  CTV  PTV  References 

 EORTC 22981/26981/ 
 NCIC CE3, 
 BO21990 

 60/2 Gy  Surgical cavity + 
contrast-enhancing T1 
abnormality 

 GTV + 
2–3 cm 

 Not defi ned  Stupp et al. 
( 2005 ) 
 Chinot et al. 
( 2014 ) 

 RTOG 0825  PTV1: 
 46/2 Gy 
 PTV2: 
 14/2 Gy 

 GTV1: 
 surgical cavity + T1 
contrast-enhancing 
abnormality + T2/
FLAIR abnormality 
 GTV2: 
 surgical cavity + T1 
contrast-enhancing 
abnormality 

 CTV1: 
 GTV1 + 
2–2.5 cm 
 CTV2: 
 GTV2 + 
2 cm 

 PTV1: 
 CTV1 + 
3–5 mm 
 PTV2: 
 CTV2 + 
3–5 mm 

 Gilbert ( 2014 ) 
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   Table 1.5    Tolerance doses for intracranial organs   

 Organ  Volume  Volume max 
 Max point 
dose 

 Clinical endpoint/toxicity 
≥grade 3  References 

 Brain  1/3  TD5/5: 60 Gy 
 TD50/5: 75 Gy 

 n.a.  Necrosis infarction  Emami et al. 
( 1991 ) 

 2/3  TD5/5: 50 Gy 
 TD50/5: 65 Gy 

 n.a.  Necrosis infarction 

 3/3  TD5/5: 45 Gy 
 TD50/5: 60 Gy 

 n.a.  Necrosis infarction 

 1/3  TD5/5: 72 Gy  n.a.  Necrosis infarction  Lawrence et al. 
( 2010 ) 

 Optic nerves 
and chiasm 

 1/3  TD5/5: 50 Gy 
 TD50/5: 65 Gy 

 n.a.  Visual impairment  Emami et al. 
( 1991 ) 

 2/3  TD5/5: 50 Gy 
 TD50/5: 65 Gy 

 n.a.  Visual impairment 

 3/3  TD5/5: 50 Gy 
 TD50/5: 65 Gy 

 n.a.  Visual impairment 

 n.a.  n.a.  55 Gy  Visual impairment  Mayo et al. ( 2010 ) 
 Brainstem  n.a.  n.a.  ≤54 Gy  Neuropathy  Daly et al. ( 2007 ) 

 <1 ml  55 Gy  n.a.  Neuropathy  Schoenfeld et al. 
( 2008 ) 

 1/3  TD5/5: 60 Gy 
 TD50/5: 75 Gy 

 n.a.  Neuropathy  Emami et al. 
( 1991 ) 

 2/3  TD5/5: 53 Gy 
 TD50/5: 70 Gy 

 n.a.  Neuropathy 

 3/3  TD5/5: 50 Gy 
 TD50/5: 65 Gy 

 n.a.  Neuropathy 

 Retinae  1/3  TD5/5: 45 Gy 
 TD50/5: 65 Gy 

 n.a.  Blindness  Emami et al. 
( 1991 ) 

 2/3  TD5/5: 45 Gy 
 TD50/5: 65 Gy 

 n.a.  Blindness 

 3/3  TD5/5: 45 Gy 
 TD50/5: 65 Gy 

 n.a.  Blindness 

 Lenses  1/3  TD5/5: 10 Gy 
 TD50/5: 18 Gy 

 n.a.  Cataract  Emami et al. 
( 1991 ) 

 2/3  TD5/5: 10 Gy 
 TD50/5: 18 Gy 

 n.a.  Cataract 

 3/3  TD5/5: 10 Gy 
 TD50/5: 18 Gy 

 n.a.  Cataract 

 TD5/5: tolerance dose of 5% risk to develop ≥ grade 3 toxicity within 5 years 
 TD50/5: tolerance dose of 50% risk to develop ≥ grade 3 toxicity within 5 years 

1.2.2     Pathology 

 At autopsy, parenchymal metastases are typically 
well-circumscribed nodules (in sharp contrast to 
the diffusely infi ltrating gliomas) of various sizes 
which, depending on their histological site of ori-
gin, can be solid to partially cystic structures 
fi lled with hemorrhagic fl uid, mucinous material 
or necrotic debris (Barajas and Cha  2012 ). 

 The development of brain metastases requires 
distinct molecular interactions between the cancer 

cell and the cerebral microenvironment (Langley 
and Fidler  2013 ; Martinez et al.  2013 ). Since the 
brain is not equipped with lymphatic vessels, 
tumour cells can only access the brain via the 
blood stream and subsequent conquering of the 
blood-brain barrier (BBB), mainly built by vascu-
lar endothelium, pericytes and astroglial end-feet 
processes (Armulik et al.  2010 ). There is evidence 
from animal models that the invasion of the BBB 
requires interaction of the metastatic cell with all 
of the mentioned cell types (Kienast et al.  2010 ). 

1 Brain Tumors
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 Furthermore, once a tumour cell has managed 
to circumvent the BBB, the cerebral microenvi-
ronment may provide a chemoprotective niche, 
exemplifi ed by the well-known fact that patients 
respond to a systemic treatment (chemotherapy, 
antihormonal therapy, tyrosine-kinase inhibitors, 
etc.) in all tumour sites except the brain or develop 
new brain metastases while the systemic disease 
is not progressing under therapy (Palmieri et al. 
 2007 ). On the one hand, it is straightforward to 
hypothesise that the BBB also hinders drugs to 
penetrate into the CNS so that an effective serum 
level of chemotherapy does not necessarily lead to 
therapeutic levels in the brain. On the other hand, 
preclinical data indicate astrocyte-induced upreg-
ulation of survival genes in the tumour cells asso-
ciated with drug resistance, increased survival and 
decreased apoptosis (Régina et al.  2001 ). 

 A somehow related, but yet distinct, survival 
strategy of a metastatic tumour cell is called dor-
mancy, a state in which a cancer cell is unable to 
proliferate but still able to resist apoptosis (Bragado 
et al.  2012 ). The mechanisms of dormancy are not 
understood yet. Several mechanisms are discussed: 
a signal from the tissue the cancer originated from 
could inhibit proliferation but not induce apopto-
sis (Kim et al.  2009 ), a missing signal for prolif-
eration from the host tissue (Horak et al.  2008 ), or 
the host microenvironment inducing epigenetic 
changes that induce quiescence (Husemann et al. 
 2008 ) are the  predominant hypothesis. 

 From the clinical perspective, indirect hints on 
the biology of individual metastases were derived 
from a study correlating contrast enhancement of 
brain metastases on T1 magnetic resonance (MR) 
images with the freedom from progression (FFP) 
probability after radiosurgery (Goodman et al. 
 2001 ), with the highest FFP probability in homo-
geneously enhancing lesions and the lowest FFP 
probability in ring-enhancing brain metastases. 
Non-contrast-enhancing areas within a single 
brain metastasis indicate the presence of poorly 
perfused subregions that may contain hypoxic, 
and therefore more radioresistant, tumour cells. 
Data from the pre-MRI era already suggested 
that homogeneously enhancing lesions responded 
better to whole-brain radiotherapy (WBRT) than 
ring-enhancing lesions with central necrosis and 
that extent of necrosis added additional informa-

tion to lesion volume when predicting the likeli-
hood of complete remission (Nieder et al.  1997 ).  

1.2.3     Imaging 

1.2.3.1     Computed Tomography (CT) 
 For high-precision radiation therapy, CT for radi-
ation treatment planning should be performed in 
1 to (max.) 2 mm slices, without gap, with i.v. 
contrast. The CT should be co-registered with the 
MRI. The accuracy of the image registration 
should be evaluated based on anatomical markers 
slide by slide. 

 In patients with multiple brain metastases not 
eligible for a local treatment approach and/or in a 
reduced performance status, a contrast-enhanced 
diagnostic CT scan alone can be suffi cient for 
diagnosis and referral for 2D-planned WBRT. For 
screening purposes in neurologically asymptom-
atic patients, retrospective data in stage III non- 
small cell lung cancer (NSCLC) patients indicate 
no additive value of cranial MRI to contrast- 
enhanced diagnostic CT together with [ 18 F]FDG- 
PET (Hendriks et al.  2013 ). However, because of 
the high sensitivity and specifi city, MRI is still 
considered the gold standard for the diagnosis of 
brain metastases (s. below). In the context of 
radiotherapy treatment planning, especially when 
high-precision stereotactic radiosurgery (SRS) or 
stereotactic fractionated radiotherapy (SFRT) is 
the treatment of choice, treatment planning 
should not depend on cranial CT imaging alone.  

1.2.3.2     Magnetic Resonance 
Imaging (MRI)  

 Contrast-enhanced T1-weighted MRI sequences 
(axial, sagittal and coronal axes) are the gold 
standard for diagnosis and radiation treatment 
planning of brain metastases, and sequences 
should include native and contrast-enhanced T1 
sequences, as well as T2-weighted and FLAIR 
sequences (Barajas and Cha  2012 ; Anzalone 
et al.  2013 ). Ohana et al. ( 2014 ) evaluated if stan-
dard one single contrast-enhanced T1-weighted 
3D gradient-echo MRI is suffi cient for cerebral 
staging of lung cancer and concluded that, if pos-
itive, the investigation can be completed with a 
T2* sequence for hemorrhagic assessment. 

A.-L. Grosu et al.
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 In contrast to glioma, most brain metastases 
grow expansively rather than diffusely infi ltrating 
the surrounding tissue and take up contrast due to 
the fact that they reach the brain via the blood 
stream and can settle down in the CNS via dis-
ruption of the BBB. Minimal slice thicknesses 
for MRI as well as for planning CT scans should 
be ≤2 mm. 

 The role of functional MRI for radiation treat-
ment planning in brain metastases is intensively 
discussed in the literature. 

 Integration of functional MRI (fMRI) and 
white matter tractography in target volume defi -
nition and treatment planning may be helpful to 
identify and protect eloquent areas in the brain 
(Pantelis et al.  2010 ). 

 Novel developments, such as 3 T diffusion- 
weighted MRI (DWI, Chiang et al.  2004 ), diffu-
sion tensor imaging (DTI, Lu et al.  2003 ) or 
delayed contrast extravasation MRI (Zach et al. 
 2012 ), may in the future further improve discrim-
ination between tumour and surrounding normal 
tissue and therefore serve even more precise defi -
nition of GTV and target volumes with regard to 
radiotherapy treatment planning (Lee et al.  2013 ; 
Galldiks et al.  2012 ). 

 Jakubovic et al. ( 2014 ) observed that MRI- 
based tumour perfusion parameters are biomark-
ers predicting the response of brain metastases 
after radiation treatment: a lower K2trans in 
responders relative to non-responders at 1 week 
post-irradiation was predictive for tumour 
response and progressive disease showed a low 
relative cerebral blood volume (rCBV) at 
1 month relative to non-progression. They con-
cluded that further study is required to deter-
mine whether these biomarkers can serve as 
clinically useful surrogates to guide treatment 
decisions. 

 A Japanese group (Ohtakara and Hoshi  2014 ) 
evaluated the potential geometrical change and/or 
displacement of the target relative to the cranium 
during stereotactic fractionated radiotherapy 
(SFRT) for brain metastases. They reported that 
target deformity and/or deviation can unexpect-
edly occur even during relatively short- course 
SFRT, inevitably leading to a gradual discrepancy 
between the planned and actually delivered doses 
to the tumour and surrounding tissue. Therefore, 

this factor should also be considered in addition to 
the immobilisation accuracy, as image guidance 
with bony anatomy alignment does not necessar-
ily guarantee accurate target localisation until 
completion of SFRT. This interesting observation 
should be evaluated in larger studies, in the broader 
context of adaptive radiation therapy (ART).  

1.2.3.3     Positron Emission 
Tomography (PET)  

 Due to the low spatial resolution of PET, neither 
FDG, nor MET, nor FET is currently in use for 
high-precision treatment planning. Nevertheless, 
[ 18 F]FDG-PET, [ 9 C]MET-PET or [ 18 F]FET-PET 
examinations can be extremely valuable tools to 
distinguish between a recurrent lesion after treat-
ment and radiation necrosis (Ericson et al.  1996 ; 
Grosu et al.  2011 ; Galldiks et al.  2012 ).   

1.2.4     Target Volume Delineation 
in Brain Metastases 

1.2.4.1      Target Volume Delineation 
in Whole-Brain Radiotherapy 
(WBRT) 

 The life expectancy of patients with multiple brain 
metastases receiving best supportive care (BSC) 
with symptom-relieving administration of corti-
coids is very limited (Nieder et al.  2013 ). For 
decades, WBRT was the standard of care for the vast 
majority of patients diagnosed with brain metasta-
ses, prolonging the survival time by 3–6 months 
(Tsao et al.  2012 ). For patients with multiple brain 
metastases (>4) and/or meningiosis carcinomatosa, 
WBRT is still the treatment of choice. 

 Conventional WBRT is usually planned using 
the treatment simulator, and dose is applied via 
two opposing beams encompassing the osseous 
boundaries of the brain including the fi rst cervi-
cal vertebra to ensure safe and proper dose deliv-
ery (Fig.  1.4 ).  

 Standard treatment regimen is 30-35-40 Gy in 
3–2.5-2 Gy per fraction. Prophylactic cranial 
irradiation (PCI) for prevention of brain metasta-
ses from small cell cancers, most prominently 
small cell lung cancer (SCLC), is often applied in 
2 Gy per fraction to a total dose of 30 or 2.5 Gy 
per fraction to a total dose of 25 Gy.  

1 Brain Tumors
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1.2.4.2     Target Volume Delineation 
in Hippocampal-Avoiding 
Whole-Brain Radiotherapy 
(HA-WBRT) 

 In contrast to conventional 2D-planned WBRT, 
hippocampal-avoiding whole-brain radiotherapy 
(HA-WBRT) is a novel technique using either 
linear accelerator-based IMRT/IMAT or helical 
tomotherapy (Gondi et al.  2010a ; Prokic et al. 
 2013 ) to prevent the treatment-related side effect 
of neurocognitive deterioration. 

 The human brain structure that is most critically 
involved in episodic memory processing is the hip-
pocampus (Milner et al.  1998 ; Dickerson and 
Eichenbaum  2010 ). Damage to the hippocampi can 
lead to profound amnestic syndromes (Scoville and 
Milner  1957 ). Recently, it has been demonstrated 
that a reduction of adult neurogenesis within the 
hippocampus leads to hippocampal dysfunction 
(Shors et al.  2001 ; Deng et al.  2010 ; Small et al. 
 2011 ). Irradiation blocks adult neurogenesis in the 
subgranular zone of the hippocampus, as has been 
shown in rodents (Monje et al.  2002 ). Furthermore, 
cranial irradiation has been shown to compromise 
the cellular and subcellular architecture of the hip-
pocampal formation in mice with regard to den-
dritic branching, number and density of dendritic 
spines as well as abundance of pre- and postsynap-
tic markers (Parihar and Limoli  2013 ). Episodic 
memory defi cits after WBRT have therefore been 
concluded to be associated with hippocampal 

 damage (Dietrich et al.  2008 ), and this damage 
might be prevented by hippocampal-avoidance 
WBRT, which in turn is hypothesised to attenuate 
cognitive decline after HA-WBRT as measured by 
standardised neuropsychological testing. 

 Indeed, clinical data strongly support this 
hypothesis. In a prospective randomised trial 
investigating neurocognition in patients after 
SRS versus SRS plus WBRT, patients treated 
with SRS plus WBRT were at a greater risk of a 
signifi cant decline in learning and memory func-
tion by 4 months after treatment compared with 
the group that received SRS alone (Chang et al. 
 2009 ). In 18 adult patients receiving SFRT for 
benign or low-grade intracranial tumours, an 
EQD2 > 7.3 Gy to 40 % of the bilateral hippo-
campi was associated with long-term impairment 
in neurocognitive function tests (Gondi et al. 
 2012 ). Preliminary results of the RTOG 0933 
phase II trial showed that conformal avoidance of 
the hippocampus during WBRT is indeed associ-
ated with a signifi cant memory preservation at 4 
and 6 months of follow-up (Gondi et al.  2014 ). 

 In preparation of RTOG 0933 a safety profi le 
to estimate the risk of developing new metastases 
within 5 mm of the hippocampus has been estab-
lished, showing that there is a baseline risk for 
metastases in this region of 8.6 % (Gondi et al. 
 2010b ). Additionally, HA-WBRT was tested for 
bearing the risk of undertreatment. For SCLC, it 
bears a minimally elevated risk of failure com-
pared to standard WBRT. In NSCLC, HA-WBRT 
is most likely not associated with a clinically rel-
evant increase in risk of failure (Harth et al. 
 2013 ). Taken together, these data predict that 
HA-WBRT is safe for clinical testing in patients 
with brain metastases. 

 In order to further improve local control, pro-
tocols employing a simultaneous integrated boost 
on macroscopic metastases in addition to hippo-
campal avoidance are emerging. First results 
indicate that these concepts are feasible, safe and 
associated with similar survival times and toxici-
ties compared to conventional SRS/SFRT +/− 
WBRT (Prokic et al.  2013 ; Awad et al.  2013 ; 
Oehlke et al.  2015 ). 

 To date, several contouring atlases exist to 
standardise hippocampal delineation on contrast- 

  Fig. 1.4    Simulator-based conventional WBRT treatment 
set-up       
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enhanced T1-weighted MRI in the context of 
clinical trials (Chera et al.  2009 ; Gondi et al. 
 2009 ). The whole-brain contour is usually delin-
eated as the inner boundary of the osseous skull 
from the vertex to approximately 0.5 cm caudal 
to the foramen magnum. For creation of a PTV, 
this volume is expanded by 3–5 mm depending 
on the accuracy achievable by the fi xation system 
employed. The OAR that should be delineated 
includes eyes, lenses, lacrimal glands, optic 
nerves, optic chiasm, inner ears and brainstem 
(Fig.  1.5 ).   

1.2.4.3     Target Volume Delineation 
for Stereotactic Radiosurgery 
(SRS) and Stereotactic 
Fractionated Radiotherapy 
(SFRT) 

 The standard treatment for patients in a good per-
formance status with a limited number of brain 
metastases, usually 1–3, from solid tumours is 
stereotactic radiosurgery (SRS; Kocher et al. 
 2011 ; Nieder et al.  2014 ). Addition of WBRT 
improves intracranial relapse-free time, but nega-
tively impacts health-related quality of life 
(HRQoL, see above) and is not associated with 
an improvement in overall survival (Chang et al. 
 2009 ; Kocher et al.  2011 ; Soffi etti et al.  2013 ). 
Consequently, observation with close monitoring 
with MRI after a local treatment approach 
became a feasible concept that is neither detri-

mental for HRQoL nor signifi cantly compromis-
ing overall survival (Kocher et al.  2014 ). 

 In general, SRS should be considered in 
patients with either a single lesion up to 3.5 cm in 
diameter or up to four lesions with a maximum 
diameter of 2.5 cm each, especially including 
metastases not suitable for a surgical approach, 
located in the brainstem and without mass effect 
(Kocher et al.  2014 ). 

 SRS is also an established treatment option for 
patients previously irradiated with WBRT. The 
RTOG performed a prospective phase I clinical 
trial of SRS in recurrent, previously irradiated 
primary brain tumours and brain metastases. 
RTOG study 90-05 was a dose escalation trial, 
which included 100 patients with brain metasta-
ses and 56 with primary brain tumours. The brain 
metastases patients were included after prior 
WBRT to a median dose of 30 Gy (Shaw et al. 
 1996 ,  2000 ). SRS could be administered with a 
linear accelerator or Gamma Knife. Eligible 
patients had received fi rst-line radiotherapy at 
least 3 months prior to study entry, and in the 
study, the actual median interval was 17 months. 
Seventy-eight percent had single lesions. Dose 
was determined by the maximum diameter of the 
tumour. Initial doses were 18 Gy for lesions 
≤20 mm, 15 Gy for lesions measuring 21–30 mm 
and 12 Gy for lesions measuring 31–40 mm. 
Dose was prescribed to the 50–90 % isodose line, 
which was to encompass the entire enhancing tar-

  Fig. 1.5    Example of hippocampal-avoiding whole-brain 
radiotherapy ( HA-WBRT ) and additional simultaneous 
integrated boost ( SIB ) on multiple brain metastases in a 

patient with disseminated NSCLC (Courtesy of O. Oehlke 
and A.-L. Grosu, University Medical Center Freiburg, 
Germany)       
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get volume. The dose was escalated in 3 Gy 
increments providing there was not an excess of 
unacceptable toxicity. The trial eventually defi ned 
the maximum acutely tolerable SRS dose in this 
setting, except for lesions ≤20 mm where the 
dose was not escalated beyond 24 Gy because of 
investigators’ reluctance. While small lesions 
≤20 mm can be treated with up to 24 Gy to the 
margin of the lesion, those that measure between 
21 and 30 mm might receive 18 Gy and those that 
measure between 31 and 40 mm 15 Gy. Long- 
term toxicity data for brain metastases patients 
are available only from the initial publication 
(Shaw et al.  1996 ). They are based on 64 patients. 
Four patients developed radionecrosis requiring 
operation 5–14 months after SRS. From the fi nal 
report, (Shaw et al.  2000 ), combined radionecro-
sis data on patients with brain metastases and pri-
mary brain tumours are available. The actuarial 
incidence was 8 and 11 % at 12 and 24 months, 
respectively. Due to the fact that a high dose (usu-
ally 15–25 Gy on the tumour-surrounding iso-
dose) is delivered in a single fraction with a steep 
dose gradient towards the surrounding normal 
tissue (Fig.  1.6 ), the GTV encompasses only the 
contrast-enhanced lesion in T1-weighted MRI 
sequences. In some centres the GTV then equals 
the PTV, refl ecting the fact that, in contrast to pri-
mary CNS tumours, brain metastases rather grow 
expansively than diffusely infi ltrating the sur-
rounding tissue. Especially by using invasive 
fi xation methods (e.g. a stereotactic head frame), 

a GTV to PTV margin can be omitted. In times of 
IGRT, a rigid head frame is more and more 
replaced by thermoplastic masks combined with 
non-invasive patient positioning systems built in 
the linear accelerator (LINAC) or CyberKnife 
technology. Nevertheless, it has been shown that 
brain metastases especially from SCLC and mel-
anoma show an infi ltration beyond the contrast- 
enhancing lesion visible in T1-weighted MRI 
(Baumert et al.  2006 ) and therefore often a 1 mm 
margin is added from GTV to PTV which has 
been shown to increase local control (Noel et al. 
 2003 ). Increasing the GTV to PTV margin to 
2 mm, no further increase in local control was 
observed, but signifi cantly more side effects 
occurred (Nataf et al.  2008 ).  

 For the treatment of brain metastases that are 
too large for SRS, a fractionated regime (SFRT) is 
often preferred. Delineation of the GTV equals the 
approach employed for SRS, but the GTV to PTV 
margin may be increased to up to 3 mm in total.  

1.2.4.4     Organs of Risk (OAR) 
Delineation and Tolerance 
Dose of OAR 

 The OAR that should be delineated includes 
whole brain, eyes, lenses, retina, lacrimal glands, 
optic nerves, optic chiasm, inner ears (cochlea), 
pituitary gland, hypothalamus, hippocampi and 
brainstem. 

 Since the use of hypofractionation bears the 
risk of serious treatment-related late side effects 

  Fig. 1.6    Contrast-enhanced T1-weighted MR images 
from a patient with a solitary brain metastasis from 
NSCLC pre- ( left ) and 3 months post-SRS ( right ) show-

ing complete remission of the treated lesion. The corre-
sponding dose distribution is shown in the  middle        
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and availability of prospective data concerning 
dose tolerance of different (not only intracra-
nial) organs is still limited, commonly accepted 
normal tissue dose constraints are often invali-
dated but empirically found to be safe in clinical 
routine (Timmerman  2008 ). Collecting and 
reporting dosimetric data of patients treated 
with SRS or SFRT is therefore an important 
basis of further relating dose to toxicity and 
clinical outcome. Due to the fact that nervous 
tissue is regarded as a serial organ, the maxi-
mum point dose and maximum dose to a small 
volume of OARs is of special importance. An 
overview of widely accepted normal tissue dose 
constraints in brain SRS and SFRT is given in 
Table  1.6 .
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2.1            Characteristics of Skull Base 
Imaging 

 Imaging of the skull base is a challenge, techni-
cally as well as in terms of interpretation. The 
close proximity of the structures demands sound 
knowledge of anatomy on one hand and high- 
resolution and high-contrast imaging techniques 
on the other. The direct vicinity of structurally dif-
ferent tissue types such as compact bone, air 
within the paranasal sinuses/nasopharynx/middle 
ear, soft tissue structures such as the brainstem/
cranial nerves/mucosa/pituitary gland and liquor- 
containing cavities might often result in the forma-
tion of artefacts and demand examination protocols 
adjusted to the special needs of the clinical ques-
tion. For this reason skull base processes are rou-
tinely examined by both computed tomography 
(CT) and magnetic resonance imaging (MRI). 

  CT 
 In skull base imaging CT is indispensable for eval-
uation of the osseous structures. It is important for 
anatomical correlation as well as for the assess-
ment of pathological alterations like erosion or 
destruction of the bone and dilatation of the foram-
ina, recognition of calcifi cations, etc. Ideally very 
high-resolution spiral CT imaging using slices 
lower than 1 mm (0.6–1 mm) and a 1,024 × 1,024 
matrix are acquired. From this 3D dataset multi-
planar reconstructions can be performed. 

 Contrast-enhanced CT has a lower impact in 
routine skull base imaging but can be used in 
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patients which are not suitable for MRI or in 
cases where CT angiography to visualise vascu-
lar structures is expected to provide additional 
information.  

  MRI 
 MRI is characterised by excellent soft tissue con-
trast and high resolution. High-power-fi eld mag-
nets, progress in coil technology and design of 
sequences allow the acquisition of high resolu-
tion (1–1.2 mm slice thickness) 3D datasets of 
the whole brain within a reasonable examination 
time. Those datasets can be reconstructed into 
any orientations and slice thicknesses, depend-
ing on the clinical question and the anatomi-
cal region. Basic sequences are, for example, a 
native and contrast-enhanced 3D T1 sequence 
(e.g. spoiled fast gradient echo sequences as 
MP-RAGE, 3D-SPGR, VIBE) together with a 
thin-sliced (2 or 3 mm) T2 sequence in one or 
better two planes. Those sequences are usually 
suffi cient for diagnostic purposes and can be used 
for radiotherapy treatment planning. The native 
T1 sequence is important for the judgement of 
intraosseous processes, which can be diagnosed 
by abolishment of the typical signal of the fatty 
bone marrow. Therefore fat saturation is counter-
productive in the native T1 images. After appli-
cation of contrast media, fat saturation can be 
helpful to enhance the contrast between nonfatty 
and fatty structures (e.g. in the orbita). Dependent 
on the pathology several MRI sequences can be 
complementary to ensure the diagnosis or to get 
a more exact anatomical or functional image. 
Examples are heavy T2-weighted 3D sequences 
for the imaging of cranial nerves (e.g. CISS, 
FIESTA), diffusion- weighted images, including 
diffusion tensor imaging (DTI) if necessary, MR 
angiography techniques (TOF, CE-MRA, time-
resolved 4D MRA), fat saturation or the like. 
Generally, for the detection of all intraorbital 
infectious or tumoral diseases, thin T1-weighted 
sequences after application of contrast media 
and T2 sequences, both with fatty saturation, are 
most suitable. The saturation of the orbital fat 
leads to optimal contrast between the pathologi-
cal process and the lucid signal of the contrast 
media in T1 and the accompanying edema with 

high T2 signal. In case of a process that reaches 
to the bony orbit, additional CT bone imaging is 
helpful.   

2.2     Anatomy 

2.2.1     Base of the Skull 

 The skull base is built from fi ve bones: the paired 
temporal and frontal bones (the latter are fused in 
the axis) and the unpaired ethmoidal, sphenoidal 
and occipital bones. These osseous structures 
form the anterior, middle and posterior cranial 
fossa in which important structures and conjunc-
tions with the extracranial area are installed. 

 The anterior cranial fossa is confi ned by the 
calvarium in the front and the edge of the small 
sphenoid bone in the rear. Olfactory fi bres as well 
as ethmoidal vessels are crossing through the 
cribriform plate of the ethmoidal bone. 

 The middle cranial fossa is confi ned by the 
edge of the large sphenoid bone and the 
 sphenoidal plane in the front, in the rear by 
the edge of the petrous portion of the temporal 
bone and the posterior clinoid process as well as 
the dorsum sellae of the sphenoidal bone. 
Laterally the middle cranial fossa extends to the 
border of the temporal bones. The region con-
tains a number of anatomically and functionally 
important structures like the pituitary gland or 
the Meckel’s cave and crucial connections to the 
extracranial area like the optical canal; the supe-
rior and inferior orbital fi ssure; the foramina 
rotundum, ovale, spinosum and lacerum; as well 
as the carotid channel. 

 The posterior cranial fossa is confi ned by the 
clivus and the posterior clinoid process, in the 
front, frontolaterally by the edge of the temporal 
bones, dorsolaterally and in the back by the 
occipital bone and caudally by the foramen mag-
num. Important structures are the cerebellopon-
tine angle and the caudal cranial nerves which 
pass through the corresponding foramina (meatus 
acusticus internus, foramen jugulare, canalis 
hypoglossi and foramen magnum). 

 In Table  2.1  different tumour types arising 
close to the most important anatomical structures 
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and the connections to the base of the skulls are 
summarised (Fig.  2.1 ).

2.2.2          Orbit 

 The orbit is formed from seven different bones, 
the frontal, sphenoidal, zygomatic, palatine, eth-
moidal, lacrimal and maxillary bones. The intra-
orbital soft tissue containing the orbit bulb, ocular 
muscles, the lacrimal apparatus, fascia, nerves, 
the ciliary ganglion, vessels and the orbital fat is 
protected within this cavity. 

 Considering the differential pathological pro-
cesses, which can occur within the orbit, the sepa-
ration into an extra- and intraconal space is useful. 

 The extraconal space is confi ned by the periost 
of the bony orbit to the outside. The periost fades 
out medially posterior of the saccus lacrimalis into 

the orbital septum and laterally into the fi bres of 
the musculus orbicularis oculi. The boarders to the 
inner are the rectus muscles and their intramuscu-
lar septum. Within this boarder the intraconal 
space contains six eye muscles (four rectus mus-
cles, M. obliquus superior and inferior, M. levator 
palpebrae) and the separate structures bulbus and 
optical nerve. Table  2.2  summarises the most 
important intraorbital pathologies and their posi-
tion within the compartments.

2.3         Target Volume Defi nition 
by Pathology 

 Because of the complementary nature of CT and 
MRI, both modalities are performed for treat-
ment planning of skull base tumours. Sequences 
which are most appropriate for planning purposes 

   Table 2.1    Tumours of the base of the skulls and their exact anatomical localisation   

 Anatomical structure  Localisation  Diagnosis 

  Anterior cranial fossa  
 Dura, olfactory fi bres/olfactory 
stem cells 

 Cribriform plate  Meningioma of the olfactory groove, 
esthesioneuroblastoma 

 Dura  Sphenoidal plane/clinoid process, 
sphenoid wing, orbital roof 

 Meningioma 

 Bony orbital roof  Frontal bone  Fibrous dysplasia 
  Middle cranial fossa  
 Dura  Dorsum sellae, clivus, sphenoid 

wing 
 Meningioma 

 Optic nerve, optic sheath, meninges  Optic canal  Meningioma, optic glioma, sarcoidosis, 
Tolosa-Hunt syndrome 

 Trigeminal ganglion  Meckel’s cave  Neuroma 
 Oculomotor nerve, trochlear, 
ophthalmic, abducens nerve 

 Superior orbital fi ssure  Neuroma (rare) 

 Maxillary nerve  Foramen rotundum  Neuroma, metastasis 
 Mandibular nerve  Foramen ovale  Neuroma, metastasis 
 Pituitary gland  Sella turcica  Adenoma, metastasis, craniopharyngioma 
  Posterior cranial fossa  
 Bones and epithelium of petrous 
bone 

 Petrous apex, middle ear  Cholesterol granuloma, cholesteatoma 

 Dura  Clivus, posterior part of petrous 
bone, occipital bone 

 Meningioma 

 Vestibulocochlear nerve, facial 
nerve 

 Internal acoustic canal, 
cerebellopontine angle 

 Neuroma (acoustic, facial nerve neuroma) 

 Glossopharyngeal, vagal and 
accessory nerves, glomus jugulare 

 Jugular foramen  Neuroma, paraganglioma 

 Hypoglossal nerve  Hypoglossal canal  Neuroma 
 Bony clivus  Clivus  Chordoma, metastasis, chondroid tumour 

2 Base of the Skull and Orbit Tumors
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  Fig. 2.1    Four axial slides of the skull base ascending 
from inferior ( upper left ) to superior ( lower right ) show-
ing the most important foramina and their contents:  1  
Canalis hypoglossi,  N. hypoglossus (cranial nerve XII). 2  
Foramen jugulare (lower and posterior part),  sinus sigmoi-
deus. 3  Foramen jugulare (upper and anterior part),  sinus 
petrosus inferior, N. glossopharyngeus, N. vagus and N. 

accessorius (cranial nerves IX, X and XI). 4  Foramen 
ovale,  N. mandibularis (cranial nerve V   3   ). 5  Canalis 
caroticus,  internal carotid artery. 6  Meatus acusticus 
externus.  7  Meatus acusticus internus,  N. facialis and N. 
vestibulocochlearis (cranial nerves VII and VIII). 8  
Foramen rotundum,  N. maxillaris (cranial nerve V   2   )        
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will be described for each tumour entity. 
Sometimes a positron emission tomography 
(PET) scan can be helpful but is not mandatory. 
To improve the result of image fusion, contrast 
media in the planning CT is helpful and should 
be injected if not contraindicated. As in many 
cases the tumour will not be recognised on CT, 
but only on MRI; thorough image fusion is essen-
tial for exact gross tumour volume (GTV) defi ni-
tion in the fused dataset. Therefore automatic 
coregistration of the datasets needs to be reviewed 
carefully and if necessary adapted manually. 

2.3.1     Skull Base Meningioma 

 The World Health Organization (WHO) separates 
meningiomas into three groups: WHO °I–III. 

 In general brain tumours are graded according 
to their prognosis, taking into account prolifera-
tion, mitotic activity, growth pattern and evidence 
of necrosis. As growth characteristics are differ-
ent, target volume delineation will be described 
separately for WHO °I, WHO °II and WHO °III 
(Table  2.3 ).

    WHO °I and WHO °II 
 Benign meningioma (WHO° I) can be classifi ed into 
many histological subtypes; the most common are 
the meningothelial, the fi brous or the mixture of both 
these types, the transitional meningioma. These sub-
types vary in their growth pattern (Table  2.4 ).

    The meningothelial meningioma forms lob-
ules of mostly uniform tumour cells that show 
oval nuclei, often with a central clearing. 

 The fi brous meningioma shows parallel fasci-
cles of spindle cells that are accompanied by thin 
layers of collagenous tissue. 

 In the transitional (mixed) subtype, both of the 
above-described growth patterns can be seen, 
with the addition of tight whorl formations and 
frequent psammoma bodies. 

 All three described subtypes, as well as all 
other grade I meningiomas, show a low mitotic 

   Table 2.2    Tumours of the orbit and their exact anatomical localisation   

 Anatomical structure  Localisation  Pathology 

  Extraconal space  
 Surrounding bony structures, 
periost 

 Bony orbital borders  Primary bone or chondroid neoplasias, 
metastasis, infi ltration of sinonasal tumours 

 Fat/conjunctive tissue  Extraconal tissue  Lymphoma, lipoma, lymphangioma, capillary 
haemangioma, dermoid/epidermoid, 
rhabdomyosarcoma 

 Tear system  Lacrimal gland  Lymphoma, epithelial tumours, sarcoidosis, 
pseudotumour 

  Intraconal space  
 Muscle tissue, mesenchymal tissue  Extraocular muscles  Lymphoma, metastasis, myositis/

pseudotumour, rhabdomyosarcoma 
 Fat/conjunctive tissue  Intraconal fat  Cavernous haemangioma, lymphangioma, 

lymphoma, rhabdomyosarcoma 
  Optic nerve  
 Neural tissue, glial cells  Entire route of optic nerve  Optic glioma, neuritis, sarcoidosis, 

schwannoma 
 Dura  Optic sheath  Meningioma, lymphoma 
  Ocular bulb  
 Retina  Retina, posterior lining of the 

bulb 
 Retinoblastoma 

 Choroidea, ciliary body  Choroidea, ciliary body  Melanoma, metastasis 

   Table 2.3    Characteristics of meningiomas by WHO 
grade   

 WHO °I 
 WHO 
°II 

 WHO 
°III 

 Risk of recurrence  Very low  Low  High 
 Aggressive behaviour  Very low  Low  High 
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activity of less than four mitoses in ten high- 
power fi elds (at a 40× magnifi cation). 

 The atypical meningioma (WHO °II) presents a 
much more sheetlike growth and increased cellu-
larity in comparison to grade I tumours. Often cel-
lular atypia with enlarged nuclei, as well as areas of 
necrosis, can be found. The WHO grading requires 
four or more mitoses in ten high- power fi elds for 
this type. The recurrence rate for the more aggres-
sive °II tumours after surgical resection is approxi-
mately ten times as high compared to °I. 

 For primary radiotherapy (after biopsy) of °I 
and °II meningiomas, there is no difference 
regarding the delineation of the target volume. 

 To defi ne the GTV, thin-sliced 3D T1-weighted 
images (e.g. MP-RAGE, FSPGR, VIBE) acquired 
after injection of contrast medium are necessary 
and in most cases suffi cient because of the typi-
cally strong enhancement and mostly quite sharp 
margins. Delineation of intraosseous tumour 
parts can be more challenging as the contrast 
enhancement can be very restrained or missing. 
In these cases of bony infi ltration, the bone win-
dowing of the CT is needed (Fig.  2.2 ).  

 In regions where tumour cannot be easily sep-
arated from normal structures (e.g. within the 
cavernous sinus, in previously operated regions), 
a thin (2 or 3 mm) T2 sequence can be useful. 
Also PET using somatostatin receptor tracer or 
amino acid tracer can be performed, if available 
(Milker-Zabel et al.  2006 ; Astner et al.  2008 ; 
Combs et al.  2013 ) (Fig.  2.3 ).  

 Several groups were able to show that PET is 
useful for contouring of skull base meningiomas. 

Based on our own work, it can be assumed that 
 11 C-methionine (MET) can be substituted by 
 18 F-fl uor-ethyl-tyrosine (FET), which is easier to 
handle because of its longer half-life (Grosu et al. 
 2011 ). Amino acid tracers like MET or FEt allow 
for an image fusion based on intrinsic structures. 
This allows for image fusion without external 
marker. Other tracers like somatostatin-affi ne 
tracers show a high specifi city; therefore, back-
ground activity is low and image fusion is diffi cult 
without external marker. Development of com-
bined PET-MRI machines allows the use of SSTR 
tracer without the addition of external marker. 

 For the GTV all the visible (T1 + contrast, 
eventually CT for bony infi ltration) tumour is 
contoured. Because of potential microscopic 
spread along the meninges, additional 3–5 mm is 
added at meningeal extensions resulting in the 
CTV. The tumour border without contact to the 
meninges (e.g. the border to the brain) does not 
need any margin for the CTV. 

 For recurrence after complete resection or 
radiotherapy after incomplete resection, tumour 
extension before surgery must be considered. 
Ideally the preoperative MRI is coregistered with 
the planning CT. If radiotherapy is performed after 
incomplete resection, all preoperative contact 
areas of the tumour with the skull base must be 
included in the CTV. In radiotherapy of recurrence 
after complete resection (Simpson °I), GTV and 
CTV are defi ned as in primary radiotherapy. 

 A radiation technique should be chosen, which 
requires a maximal setup margin of 3 mm (ste-
reotactic fractionated radiotherapy, image-guided 
radiotherapy). 

  WHO °III 
 The anaplastic meningioma (°III) is the most 
malignant form of meningiomas. In comparison to 
the atypical meningioma (°II), the mitotic activity 
is increased to 20 or more mitoses in ten high-
power fi elds. In most cases the typical  histological 
architecture is no longer apparent, resulting in a 
growth pattern that can resemble melanoma, carci-
noma or high-grade sarcoma (Table  2.5 ).

    Guidelines for target volume delineation of atyp-
ical and malignant meningioma are rare. The 
NCCN suggests adding a 2–3 cm margin to the 

   Table 2.4    Meningioma with low recurrence rate and risk 
for aggressive growth (WHO Classifi cation  2007 )   

 WHO °I  WHO °II 

 Transitional meningioma  Atypical 
meningioma 

 Meningothelial meningioma  Clear cell 
meningioma 

 Fibrous meningioma  Chordoid 
meningioma  Psammomatous meningioma 

 Angiomatous meningioma 
 Microcystic meningioma 
 Lymphoplasmacyte-rich 
meningioma 
 Metaplastic meningioma 
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tumour bed and/or the macroscopic tumour. A more 
detailed description can be found in the EORTC 
trial for atypical and malignant meningioma 
(Coskun et al.  2013 ). Within this study the GTV is 
defi ned as the visible tumour including thickened 
dural trails and hyperostotic bone regions. The 
PTVs are generated according to the resulting 
Simpson Grade after surgery (Simpson  1957 ). For 
areas with Simpson Grade 1–3 resection without 
residual tumour left in the postoperative imaging, 
GTV is defi ned according to preoperative imaging 
and pathology report, adding 10 mm margin 

accounting for microscopic spread. This CTV 
receives 60 Gy. In areas with Simpson Grade 4–5 
resection where a GTV can be defi ned, 5 mm are 
added to result in a CTV that receives 70 Gy. 

 The PTV is defi ned as CTV plus a margin 
depending on the institutional protocols and 
treatment technique. An example for contouring 
is given in Fig.  2.4 .   

2.3.2     Optic Meningioma 

 As described in Sect.  2.2.2 , contrast-enhanced T1 
sequences with fatty saturation are suited best for 
imaging of tumours within the orbit. Optic nerve 
sheath meningiomas are usually seen as a contrast- 
enhancing line encompassing the optic nerve. In 
some cases a solid mass can be seen close to the 
optic chiasm. For the GTV the whole optic 
nerve(s) and/or chiasm where contrast enhance-

a cb

  Fig. 2.2    CT and MRI T1 + contrast ( a ,  c ) of a meningioma ( encircled in green ) infi ltrating the clivus, which is 
confi rmed by amino acid PET ( b )       

a b c

  Fig. 2.3    PTV ( red ) of a meningioma infi ltrating the cavernous sinus on the left side; ( a ) T1W MRI with contrast, 
( b ) CT scan and ( c ) DOTATOC-PET       

   Table 2.5    Meningioma with higher risk of recurrence 
and/or aggressive behaviour (WHO Classifi cation  2007 )   

 WHO °III 

 Anaplastic meningioma 
 Papillary meningioma 
 Rhabdoid meningioma 
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ment of the nerve sheath can be seen is contoured. 
In the mediolateral extension no additional mar-
gin is needed for the CTV, but along the length of 
the optic nerve and chiasm, a margin of 5 mm is 
suggested. Some authors suggest inclusion of the 
whole optic nerve for the GTV due to the diffi -
culty to separate the tumour itself from the rest of 
the nerve in many cases (Jeremic et al.  2008 ). 

 In order to create the PTV, the CTV is 
expanded by 2–3 mm depending on the precision 
of the equipment. Depending on tumour location 
(close or distant from the optic channel), addi-
tional margins for movement of the optic nerve 
within the orbit should be added, resulting in 
fi nal margins between 3 and 5 mm (Fig.  2.5 ).   

2.3.3     Neurinoma 

 Neurinomas (or schwannomas) are graded as 
WHO °I tumours that derive from Schwann 
cells, the principal glial cells of the peripheral 
nervous system. Most neurinomas are well-dif-
ferentiated tumours that most commonly arise 
from peripheral sensory nerves. The majority 
are located in the cerebellopontine angle with a 
strong  predilection for the vestibular branch of 
the vestibulocochlear nerve (cranial nerve 
VIII). 

 Histologically neurinomas show two main 
histological patterns, the so-called Antoni A and 
the regressive Antoni B areas. 

a b c

  Fig. 2.4    Radiotherapy for atypical meningioma after surgery. ( a ) Contrast-enhanced T1W MRI after surgery. ( b ) 
Contrast-enhanced CT scan. ( c ) Contrast-enhanced T1W MRI before surgery.  Purple  GTV,  orange  CTV,  red  PTV       
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 The Antoni A pattern is characterised by 
densely packed areas of spindle-shaped cells 
with pericellular reticulin, resulting in compact 
fascicles, one arranged parallel to the next. This 
pattern shows resemblance to a draft of fi sh. 

 The regressive Antoni B areas are much less 
cellular with smaller, hyperchromatic nuclei and 
loosely arranged pericellular myxoid stroma and 
occasional scattered lipidisation. 

 Tumour vessels can be hyalinised, with conse-
quential wall thickening and possible haemorrhage. 

 For target volume defi nition, a CT in bone win-
dowing and thin-sliced MRI T1 scan after contrast 
enhancement are used. To get optimal coregistra-
tion of CT and MRI, scanning the tumour region is 
not suffi cient. Rather the whole brain needs to be 
scanned in the thin-sliced MRI. The GTV consists 

of the contrast- enhancing tumour within the inter-
nal acoustic meatus and the extrameatal portion. 
The resulting GTV contoured in the MRI must be 
within the bony internal auditory canal in the 
CT. For radiosurgery GTV is equivalent to 
PTV. For (stereotactic) fractionated treatment a 
setup margin of 1–2 mm according to institutional 
standard is used to create the PTV (Kopp et al. 
 2011 ). An example is shown in Fig.  2.6 .   

2.3.4     Pituitary Adenoma 

 These adenomas are common benign tumours 
that arise from gland cells of the anterior pituitary 
lobe. Clinically and anatomically they are mostly 
distinguished according to their size:

  Fig. 2.5    Optic nerve sheath meningioma of the right optic nerve.  Upper : MRI,  Down : Radiation treatment planning       
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   Microadenoma <1 cm  
  Macroadenoma ≥1 cm    

 Most commonly pituitary adenomas are clas-
sifi ed according to their hormonal expression in 
immunohistochemical staining (see Table  2.6 ). 
Further subtypes are determined according to their 
ultrastructural differences in electron microscopy.

   Imaging and target volume defi nition are dif-
ferent for pituitary micro- or macroadenoma. For 
radiosurgery of microadenoma adequate imaging 
is of high priority. The pituitary gland is inten-
sively vascularised, which leads to very rapid and 
strong contrast enhancement. The adenoma tissue 
shows mostly less and more slow contrast enhance-
ment. Therefore the adenoma is demarcated as a 
hypointense lesion in thin (2 mm)-sliced, ideally 
coronal- or sagittal-sliced T1-weighted sequences 
after contrast enhancement. In some cases the 
enhancement is cleared after a few minutes, and 
the adenoma is not  anymore demarcated. In such 
cases (ca.10–20 %) a dynamic examination with 
fast T1-weighted turbo spin-echo sequences has 
to be done, which can show the delayed fl ow of 
the contrast media within the adenoma tissue. 
Temporal resolution should be at least 20–30 s. 
Thin T2 sequences, coronal or sagittal can be help-
ful, although hereby the adenoma tissue shows a 
range of signal changes from hypointense in case of 
hemorrhagic parts to hyperintense in cases of cys-
tic degenerations. The visible tumour is contoured 

for the GTV. As usual in radiosurgery, no margin is 
added to create the PTV. 

 Radiotherapy of macroadenoma is usually indi-
cated in patients who have undergone surgery 
(Kopp et al.  2013 ). Macroadenomas typically show 
strong enhancement after application of contrast 

  Fig. 2.6    MRI and CT of a patient treated for vestibularis schwannoma by radiosurgery. PTV in  pink . For fractionated 
stereotactic treatment, we would use a setup margin of 2 mm       

   Table 2.6    Classifi cation of pituitary adenomas   

 Subtype of functioning 
adenoma 

 Nonfunctioning 
adenomas 

  ACTH family  
 Densely or sparsely 
granulated corticotroph 
adenomas 

 Silent corticotroph 
adenomas (type I or II) 

 Crooke cell adenomas 
  GH-PRL-TSH family  
 Adenomas causing GH 
excess (further subtypes) 

 Silent somatotroph 
adenomas 

 Adenomas causing PRL 
excess (further subtypes) 

 Silent lactotroph 
adenomas 

 Adenomas causing TSH 
excess (further subtypes) 

 Silent thyrotroph 
adenomas 

  Gonadotropin family  
 Adenomas causing 
gonadotropin excess 

 Silent gonadotroph 
adenomas 

 Gonadotroph adenomas 
  Unclassifi ed adenomas  
 Unusual plurihormonal 
adenomas 

 Null cell adenomas, 
oncocytomas 

  Clinicopathologic Classifi cation of Pituitary Adenomas 
(p. 63), Asa ( 2011 )  
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media. Differentiation between postoperative scar 
tissue, remaining pituitary tissue or cavernous sinus 
is very diffi cult because of similar contrast behav-
iour and it is not always possible. 3D T1 sequences 
after contrast application and thin T2 sequences, 
eventually also strongly T2-weighted 3D sequences 
(e.g. CISS), can be helpful. 

 For delineation of the CTV, preoperative imag-
ing has to be considered. In case of partial resec-
tion of the adenoma, it is not necessary to include 
the complete pre-op tumour volume that extended 
to the brain, but otherwise all areas of contact are 
included into the CTV (see Fig.  2.7 ). Setup mar-
gin is used according to the institutional protocol.   

a

c

b

  Fig. 2.7    Macroadenoma of the pituitary gland, T1 + Gd ( a ) coronal view after surgery, ( b ) coronal view before surgery 
and ( c ) axial slices;  purple  GTV,  red  PTV       
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  Fig. 2.8    Postoperative recurrence of a craniopharyngioma with typical cystic structure. The GTV ( pink ) consists of 
macroscopic tumour. For the PTV ( red ) a 2 mm safety margin was added       

2.3.5     Craniopharyngioma 

 Craniopharyngioma arises from epithelium of 
Rathke’s pouch, which is a pituitary gland embry-
onic tissue. It is a benign, slow growing tumour 
that can show a cystic histoarchitecture, as well as 
calcium deposits, which are typically found in the 
most common subtype, the adamantinomatous cra-
niopharyngioma. The second histological subtype 
is the papillary craniopharyngioma, which shows a 
more solid growth pattern with stratifi ed squamous 
epithelium and papillary epithelial cords. 

 Craniopharyngiomas typically appear as partly 
cystic tumours with larger calcifi ed areas. Therefore 
optimal imaging includes thin-sliced (better 3D) 
T1 sequences with and without contrast for delin-
eating the solid parts and a T2 sequence for the cys-
tic areas. In addition, CT imaging is helpful for the 
visualisation of the calcifi cations. 

 In target volume delineation of craniopharyngio-
mas, the most challenging task is to enclose all the 
cystic parts of the tumour. As in the other benign 
tumours, the GTV consists of the complete con-

trast-enhancing tumour. Usually indication for 
radiotherapy is postoperative recurrence, often after 
repeated surgery (Combs et al.  2007 ). Therefore, 
for the defi nition of the CTV, the preoperative 
images should be considered. To create the PTV 
from CTV, a margin of 2–3 mm, depending on the 
technique, is added. For an example, see Fig.  2.8 .   

2.3.6     Glomus Tumours 

 Paraganglioma, of the glomus jugulare and tym-
panicum, mainly spread to the petrous part of the 
temporal bone. Arising from the jugular bulb, 
20 % spread to the cranial cavity. 

 These tumours are highly vascularised and 
show a distinct pattern of “Zellballen”, round 
nests of epithelioid main cells and marginal sus-
tentacular cells. These cell clusters are sur-
rounded by a vascular stroma. 

 For the exact imaging of paragangliomas of the 
skull base (glomus jugulare and tympanicum), a 
3D time-of-fl ight (TOF) angiography in MRI after 
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application of contrast media is suited best to deter-
mine the exact extension as well as to image the 
accompanying vessels. Using this technique con-
trast enhancement as well as vascularisation can be 
ideally depicted. In addition a thin-sliced CT in 
bone windowing is indicated for the evaluation of 
osseous erosions or  widening of foramina. For 
imaging of glomus tumours at the bifurcation of 
the carotid artery, a 3D T1 sequence after contrast 
enhancement is suffi cient, alternatively a 3D TOF 
angiography after contrast application. As glomus 
tumours are positive for somatostatin receptors 
(SSR), they can easily be detected by SSR-PET 
such as DOTATOC- PET or DOTATATE-PET. In 
our experience it is often useful for defi nition of the 
lower boarder or in cases of radiotherapy after sur-
gery (Astner et al.  2008 ). A CTV is not defi ned. 
Adding the necessary margin for setup errors, 
which depends on the irradiation technique, results 
in the PTV. Figure  2.9  shows an example for con-
touring of a glomus jugulare tumour.   

2.3.7     Clivus Chordomas/
Chondrosarcomas 

 Clivus chordoma is a rare tumour of notochordal 
differentiation. Apart from the skull base, it is 
also found along the neuraxis in the vertebral 

bodies and the sacrococcygeal bone, where it 
often grows infi ltratively and destructively. 

 Histologically clivus chordomas show a lobu-
lated architecture with large vacuolated cells, which 
grow in chords, embedded in a myxoid matrix. 

 Chondrosarcoma involving the base of the 
skull is rare, in comparison to other skeletal sites. 

 It is usually a tumour of older patients, with a 
peak incidence between the fi fth and the seventh 
decade of life. 

 The tumour consists of lobules of cartilage with 
possible areas of calcifi cation. Depending on high 
cellularity, pleomorphism and mitotic activity of 
the tumour cells, a grade (G) 1–3 is determined. 

 In addition to the regular imaging sequences such 
as 3D T1 postcontrast with fat saturation and 3D 
bone CT, a thin T2-weighted image is often helpful 
for the exact determination of the tumour borders in 
chordomas or chondrosarcomas of the clivus. As the 
chondroid matrix of those tumours shows a strong 
T2 signal, this gives a good contrast compared to the 
surrounding tissue. Contrast enhancement is often 
heterogeneous and not very strong. 

 The CTV includes the macroscopic tumour 
volume as well as any suspected microscopic dis-
ease, based on imaging fi ndings, pathology reports 
and surgery reports, also taking into account the 
tolerance doses of surrounding normal tissues. For 
chordomas, the entire clivus and the prevertebral 

a

c gd h

b e f

  Fig. 2.9    Axial slices of T-weighted MRI, CT, 
T2-weighted MRI and PET of a glomus jugulare tumour 
through the upper region ( a – d ) and the lower portion of 

the tumour ( e – h ). GTV is  encircled  in  pink , PTV in 
 orange . Contouring was performed for a treatment by ste-
reotactic fractionated radiotherapy       
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musculature reaching down to the basis of the sec-
ond cervical vertebra are included (Nikoghosyan 
et al.  2010 ). The surgical pathway is not included 
into the CTV, as this may lead to unacceptable 
toxicity to normal tissue. For the boost the GTV 
(entire residual tumour) plus a setup margin results 
in the PTV. Figure  2.10  shows an example.   

2.3.8     Metastases of the Skull Base 

 Skull base metastases can originate from intra-
cranial structures such as the meninges or from 

extracranial bony tissue. In case of meningeal 
involvement, irradiation of the whole brain is indi-
cated. Therapy can be followed by a boost to the 
macroscopic tumour. In case of bone metastases, 
the GTV has to be defi ned on CT (bone window-
ing) and MRI. Frequently, skull base metastases 
can be very well seen in native 3D T1-sequence 
without fat saturation as hypointense processes, as 
the normal bone marrow is substituted by tumour 
cells. For intracranial metastases the MRI (T1 + 
contrast) is suffi cient. The GTV (see Fig.  2.11 ) has 
to be expanded by the necessary setup error, which 
depends on the irradiation technique (e.g. 1 cm).       

  Fig. 2.10    MRI and CT in a patient with chordoma after 
surgery. Postoperative remaining macroscopic tumour is 
contoured in  yellow  and the tumour region in  blue . The 

resulting PTV is shown in  red  and the resulting PTV for 
the boost in  orange . Contouring was performed for stereo-
tactic fractionated treatment       
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3.1            Introduction 

 The spinal cord is an organ that can be affected 
by tumors which arise from within it, disseminate 
to it, or impinge upon it. There are 850–1,700 
new cases of spinal cord tumors diagnosed each 
year in the United States, and these tumors are 
10–15 times less common than primary brain 
tumors (Traul et al.  2007 ; Sansur et al.  2007 ). 
Spinal cord tumors can be classifi ed as intramed-
ullary, intradural and extramedullary, and 
 extradural (Traul et al.  2007 ; Sansur et al.  2007 ). 
The focus of this chapter is on radiation treatment 
planning for spinal cord tumors. Radiation is one 
of the main treatments of spinal cord tumors due 
to the rarity of achieving a gross-total tumor 
resection, and for operable tumors, the morbidity 
can be signifi cant such that a biopsy alone is typi-
cal, with defi nitive radiation to follow. 
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 In comparison to the rarity of spinal cord 
tumors, the spinal cord is one of the most impor-
tant organs at risk (OAR) to be respected in radia-
tion planning. The consequence of overdosing 
the spinal cord is radiation myelopathy which can 
leave a patient paralyzed and incontinent (Sahgal 
et al.  2008a ). This toxicity has been largely 
regarded as associated with crude radiotherapy 
techniques and lack of sophisticated computer 
technology that can model radiation dose accu-
rately. With technologic advances we now rarely 
observe this toxicity; however, this devastating 
side effect is reemerging with the advent of deliv-
ering high-dose hypofractionated radiation [ste-
reotactic body radiotherapy (SBRT)] adjacent to 
and even within the spinal cord (Sahgal et al. 
 2008b ,  2011a ). This chapter will also summarize 
the current knowledge of spinal dose limits for 
conventional and SBRT to guide safe practice.  

3.2     Anatomy 

 The spinal cord is an extension beyond the brain. 
It is protected by the spinal column and extends 
from the level of the foramen magnum to approxi-
mately the fi rst to second lumbar vertebrae (L1–
L2). The spinal cord is bathed in cerebrospinal 
fl uid (CSF) and enclosed by the meninges, con-
sisting of the dura, arachnoid, and pia (which are 
separated by the subdural and subarachnoid 
spaces). The spinal cord contains 31 segments, 
and each segment provides the attachment of the 
rootlets for a dorsal and ventral root that traverse 
the dura and unite close to their intervertebral 
foramina to form spinal nerves. The cord gradu-
ally tapers craniocaudally except at the level of 
two enlargements. The cervical enlargement (C3–
T2) is the source of large spinal nerves forming 
the brachial plexus that innervates the upper 
limbs, and the corresponding nerves from the 
lumbar enlargement (L1-S3) form the lumbosa-
cral plexus that innervates the lower limbs (Gray 
 1918 ; Moore and Dalley  1999 ). Nerve roots of the 
lumbar and sacral segments of the cord form a 

bundle of roots (known as the cauda equina) as 
they descend to their respective intervertebral 
foramina (Gray  1918 ; Moore and Dalley  1999 ). 

 The basic structural organization of the spinal 
cord consists of central butterfl y-shaped gray 
matter and outer white matter. Ascending tracts 
of sensory fi bers and descending motor tracts are 
the main components of the white matter. Gray 
matter contains the neuronal cell bodies, includ-
ing those of the large motor and sensory neurons. 
The anterior spinal artery and the paired posterior 
spinal arteries run longitudinally throughout the 
length of the cord to provide its blood supply. In 
addition, there are segmental arteries which enter 
the vertebral canal through the intervertebral 
foramina that supplement the blood supply to the 
cord. For specifi c details regarding anatomy, the 
reader is directed to neuroanatomy textbooks.  

3.3     Cell Type and Function 

 The major cell types in the spinal cord consist of 
neurons, glial cells, hematopoietic cells, and vas-
cular endothelial cells. Neurons are the nerve cells 
responsible for excitation and nerve impulse con-
duction, whereas the glial cells are the interstitial 
cells that have important ancillary functions. Glial 
cells include oligodendrocytes, astrocytes, and 
ependymal cells. Oligodendrocytes are responsi-
ble for myelination of axons in the CNS. Myelin 
sheaths are formed by the wrapping of oligoden-
drocyte cytoplasmic processes around the axon 
and are interrupted by the nodes of Ranvier which 
serve to enhance propagation of action potentials. 
Myelination thus allows for the propagation of 
nerve impulses or action potentials. One oligo-
dendrocyte can myelinate several adjacent axons 
via its cytoplasmic processes. In contrast, each 
Schwann cell myelinates one segment of an axon 
within a peripheral nerve/spinal nerve root. 
Astrocytes are irregularly shaped glial cells with a 
large number of branched processes. Many of 
these processes end in terminal expansions upon 
the basement membrane of capillaries known as 
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perivascular feet. Astrocytes participate in the 
transmission of neuronal signals as well as in the 
formation and maintenance of the blood–spinal 
cord barrier (BSCB). Ependymal cells are ciliated 
cells which facilitate the circulation of CSF and 
line the central canal. Microglial cells are bone-
marrow-derived histiocytes resident to the central 
nervous system that, upon activation in response 
to injury, have phagocytic properties. 

 Endothelial cells in the spinal cord form the 
BSCB that severely restricts the passage of most 
proteins, hydrophilic molecules, and ions in the 
circulation into the spinal cord. The unusual 
impermeability of CNS capillaries is attributed to 
tight junctions between endothelial cells and very 
limited endothelial vesicular transport. In addi-
tion to the specialized endothelium of the spinal 
cord, other important components of BSCB 
include the basement membrane, astrocytes, and 
pericytes in immediate proximity. It is now rec-
ognized that neural progenitors and neural stem 
cells persist in the adult central nervous system. 
Although these cells are generally believed to 
reside in certain areas of the brain, neural stem 
cells/progenitors can be isolated from the adult 
spinal cord (Weiss et al.  1996 ).  

3.4     Spine Imaging 

 Magnetic resonance imaging (MRI) is the pre-
ferred modality for imaging the spinal cord. MRI 
has a very high sensitivity and specifi city with 
respect to evaluating the spinal cord parenchyma, 
CSF, and adjacent epidural and paraspinal soft 
tissues for tumor involvement. Routine imaging 
sequences include sagittal T1-weighted spine 
echo (SE) and T2-weighted fast spin echo (FSE) 
series. These sagittal series allow for assessment 
of the vertebrae, intervertebral discs, neurofo-
ramina, spinal cord, cauda equina, as well as the 
CSF space. Abnormal spinal curvature or verte-
bral compression deformity is well depicted on 
such series. Routine axial imaging is also per-
formed, usually through affected level(s) of 

 interest. Depending upon institutional prefer-
ences, axial imaging can be performed with 
either axial T1- or axial T2-weighted sequences. 
These allow for an acute assessment of spinal 
canal compromise as well as visualization of the 
pedicles, transverse processes, lamina, and spi-
nous processes. Tumor involving the vertebral 
bodies is usually depicted as intermediate or 
hypointense signal on T1-weighted imaging. 
This is easily visible against the normal hyperin-
tense signal within the fatty marrow of the verte-
bra. Tumor on T2-weighted images is usually 
mildly hyperintense and is somewhat less con-
spicuous against the native marrow space 
(Fig.  3.1 ). Densely sclerotic tumor foci will often 
show very low T1 and T2 signal.  

 Gadolinium enhancement is usually reserved 
for the assessment of primary spinal cord tumors 
and leptomeningeal tumor. The normal spinal 
cord demonstrates uniform intermediate or isoin-
tense T1 and hypointense T2 signal (Fig.  3.2 ). 
Normally, there is minimal, if any, pial enhance-
ment on the surface of the cord (Fig.  3.2 ). Primary 
or secondary parenchymal cord tumor will 
enhance following contrast administration, and 
examples are shown in Fig.  3.3 . Associated peri-
tumoral edema and cord expansion may also be 
evident. Leptomeningeal disease will manifest as 
linear or nodular foci of enhancement along the 
surface of the cord. Severe leptomeningeal dis-
ease can give a classic “frosting-like” appearance 
along the cord surface and show marked nodular-
ity in the cauda equina (Fig.  3.4 ).    

 Gadolinium enhancement should be performed 
with fat saturation techniques which act to 
decrease the signal of native fat within the marrow 
spaces. This is of particular importance when 
evaluating for the presence of vertebral metasta-
ses. The use of gadolinium contrast without such 
suppression techniques will raise the signal of 
vertebral body metastases on T1-weighted 
sequences. Such lesions can potentially enhance 
to such a degree as to be isointense with 
 non-suppressed bright marrow signal and thus be 
“masked” (Fig.  3.5 ). Some institutions will also 
employ methods to suppress marrow signal on 
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T2-weighted acquisitions. This can be performed 
via use of a chemical fat saturation technique or 
via short inversion time inversion recovery (STIR) 
technique. These sequences have a high degree of 
sensitivity for the  visualization of edema, infl am-
mation, and tumor and will increase the conspicu-
ity of vertebral lesions. We also routinely employ 
a coronal T1-weighted series through the sacrum. 
This gives a good overview of the sacral bone and 
the neuroforamina.  

 Computed tomography (CT) still plays an 
important role in imaging the spine, primarily in 
evaluating bone. In particular, the nature of tumor 
being lytic, blastic, or mixed is based on CT and 

not MRI characteristics. Furthermore, for the spine 
surgeon planning to perform a reconstructive spine 
surgery with instrumentation, a spine CT is typi-
cally required to evaluate the bony quality above 
and below the affected levels in order to confi dently 
determine the best levels at which to apply instru-
mentation. Lastly, for patients who have contrain-
dications to MRI, a CT myelogram may be 
performed to adequately visualize the relationship 
between tumor, CSF, and the spinal cord/cauda 
equina. This procedure has become more fre-
quently used with the advent of spine SBRT, as the 
precise delineation of the spinal cord and thecal sac 
helps to ensure safe practice.  

a b

  Fig. 3.1    Sagittal T1-weighted ( a ) and T2-weighted images 
( b ) through the cervical and upper thoracic spine. Normal 
marrow shows high signal on T1 imaging ( red arrow ) 
refl ecting the presence of yellow fatty marrow. Note the 

presence of multiple foci of intermediate signal within the 
vertebral bodies ( short arrows  in  a ) representing metastatic 
disease. Also note the difference in conspicuity of the meta-
static foci when compared with the T2 image ( b )       
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a b c

  Fig. 3.2    Sagittal T1 ( a ), T2 ( b ), and post-contrast T1 ( c ) 
images showing the normal appearance of the spinal cord. 
T1 imaging shows a uniform isointense signal of the cord. 

Minimal if any pial enhancement is seen. T2 imaging 
shows the cord to be of uniform hypointensity       

a b c

  Fig. 3.3    Sagittal T2 image ( a ) showing an expansile ana-
plastic astrocytoma involving the distal cord. Hyperintense 
signal extending into the conus is compatible with peritu-
moral edema. Sagittal gadolinium-enhanced T1 ( b ) and 
T2 images ( c ) of an ependymoma involving the cervical 

cord. This mass is quite complex with areas of cystic 
change with internal fl uid–fl uid levels. Also note the pres-
ence of dark signal “cap” along the inferior margin ( b ,  c ) 
of the lesion representing chronic blood product       
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3.5     Case-Based Discussion 
of Common Spinal Cord 
Tumors 

 IMST of all three glial lines can occur in the spinal 
cord. Table  3.1  details the more common IMST 
tumor types. A full description of all tumor types is 
beyond the scope of this chapter as the focus is on 
treatment planning. The following is a brief 
description of the more common types that a radia-
tion oncologist should be aware of and diffi cult 
cases will be presented with treatment planning 
details. Although the focus is on IMST, additional 
spinal tumors will be presented to provide a com-
prehensive case discussion. In the discussion of 
radiotherapy planning that follows, GTV refers to 
the gross tumor volume as tumor evident on imag-
ing (note this can also include the postoperative 
bed in selected circumstances), CTV refers to the 
clinical target volume which is a margin applied to 
encompass potential microscopic disease that 
should be included in the high-dose volume to 
achieve the intent of therapy and this margin 
respects anatomic boundaries to tumor invasion, 

and PTV refers to the planning target volume 
which is a geometric margin that is applied to 
account for uncertainties in delivery, planning, 
dose calculation, etc. A complete description of 
these defi nitions can be found in the ICRU 50 
report (ICRU  1993 ). In addition, the approaches 
described with respect to dose selection and vol-
ume contouring are those currently in practice at 
the University of Toronto and subject to change. At 
this time there is a lack of data and consensus as to 
optimal margins, and the reader should be aware 
of the limitations in the literature.

3.5.1       Ependymoma 

 Ependymomas are characterized by perivascular 
pseudorosettes and are the most common glio-
mas of the spinal cord. Classical ependymomas 
are considered either World Health Organization 
(WHO) grade II or WHO grade III (anaplastic) 
tumors, though the latter occur less frequently 
in the spinal cord. Unlike their astrocytic and 
oligodendroglial counterparts, ependymomas 

a b c d

  Fig. 3.4    Leptomeningeal spinal metastases. Sagittal 
enhanced T1 images ( a ,  b ) showing pial “drop metastases” 
manifesting as enhancing foci studding the surface of the 
cord and cauda ( a  – lung carcinoma) and as larger more 
discrete enhancing nodules along the cauda equina  

( b  –  endolymphatic sac tumor). Sagittal T2 image ( c ) in a 
patient with breast carcinoma also shows nodularity along 
the cauda equina. Sagittal enhanced T1 image ( d ) shows very 
marked diffuse plaque-like enhancing tumor infi ltrating the 
cauda equina ( arrows ) in a patient with sinonasal carcinoma       
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frequently have a pushing border and are more 
amenable to surgical resection (Chamberlain 
and Tredway  2011 ). Ependymoma is the most 
common glioma diagnosed in the setting of neu-
rofi bromatosis type 2, and the vast majority of 
these tumors occur in the spinal cord (Louis et al. 
 2007 ). Myxopapillary ependymomas (Fig.  3.6 ) 
generally occur in the region of the cauda equina 
and conus medullaris. These tumors are currently 
considered WHO grade I neoplasms, but recur-
rence is not uncommon, particularly in the pedi-
atric population (Bagley et al.  2009 ). Classical 
ependymoma also have distinct gene expres-
sion profi les as compared to myxopapillary 

 ependymoma (Barton et al.  2010 ). With respect 
to workup, MRI brain is recommended, and for 
 anaplastic tumors, a 14-day postoperative lumbar 
puncture is recommended to rule out CSF spread.  

 For WHO grade I/II spinal ependymomas 
without evidence of CSF dissemination, obser-
vation is an option following a gross-total resec-
tion (GTR). If a GTR is not achieved, or if the 
tumor is anaplastic, localized radiation is recom-
mended to a dose of 54 Gy in 30 fractions. If 
CSF dissemination is evident, then craniospinal 
radiation is recommended to a dose of 36 Gy in 
20 fractions (39.6 Gy in 22 fractions if macro-
scopic CSF disease spread) followed by a boost 

a b

  Fig. 3.5    Sagittal T1-weighted images without ( a ) and 
with gadolinium ( b ) enhancement. The metastasis within 
the S1 segment of the sacrum is seen as an area of inter-
mediate signal and is easily visible ( red arrow ) on the 

 unenhanced image. Following contrast, the tumor 
enhances and becomes nearly isointense with the native 
marrow signal and is more diffi cult to discern ( yellow 
arrow )       
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to the primary site and all disseminated gross 
disease to a total of 54 Gy (or 59.4 Gy if the 
tumor involves the brain). 

3.5.1.1     MR Imaging Characteristics 
 Ependymomas arising within the spinal cord 
parenchyma are most likely of the cellular sub-
type. These lesions are usually well delineated 
and have hypointense T1 and hyperintense T2 
signal. Tumors will typically show avid enhance-
ment with gadolinium. Depending upon the size 
of the tumor, focal spinal cord expansion may be 
evident. Intra-tumoral cystic change can be pres-
ent. Acute to subacute hemorrhage can also arise 
which will give rise to regions of high T1 and 
variable T2 signal. Chronic blood product in the 
form of hemosiderin will give rise to a character-
istic low T1 and T2 signal “cap” or peripheral rim 
along the edge of the mass. Gradient echo or sus-
ceptibility weighted imaging will also highlight 
areas of hemorrhage as regions of very low sig-
nal. Surrounding high T2 signal edema will be 
seen surrounding the periphery of the lesion. 

 The myxopapillary subtype is characteristi-
cally located within the distal conus or cauda 
equina and manifests as a heterogeneously 
enhancing, often cystic and hemorrhagic mass. 
Expansion of the spinal canal and remodeling 
and scalloping of the posterior aspect of the adja-
cent vertebral bodies may be seen. These tumors 
show low T1 and bright T2 signal. Areas of high 
T1 signal may refl ect the presence of hemorrhage 
or possibly mucin content. The presence of CSF 
dissemination will manifest as enhancing areas 
of thickening and/or nodularity along the surface 
of the spinal cord.  

3.5.1.2     Radiotherapy Volume 
Delineation 

 GTV should encompass the T1 post-gadolinium 
abnormality, the postsurgical tumor bed, and the 
T2 FLAIR abnormality (not including non- 
enhancing syrinx). The CTV includes a margin of 
1.5–2 cm superiorly and inferiorly and the entire 
canal radially along the length of the CTV. A mar-
gin of 0.3–0.5 cm is applied as PTV (this margin is 
based on the patient immobilized in a suitable 
device and daily cone-beam CT image guidance).  

  Fig. 3.6    Myxopapillary ependymoma demonstrating 
well-defi ned non-infi ltrating border with associated nerve 
seen at the superior and inferior specimen margins. Scale 
bar = 1 cm       

   Table 3.1    Summary of common primary intramedullary 
tumors   

 Primary intramedullary tumors 

  Neuroepithelial tumors    Other primary tumors  
  Glial   Hemangioblastoma 
 Pilocytic astrocytoma  Paraganglioma 
 Astrocytoma, diffuse/
anaplastic 

 Lipoma 

 Glioblastoma  Lymphoma 
 Oligodendroglioma   Vascular malformations  
 Ependymoma  Arteriovenous 

malformation 
  Mixed neuronal–glial   Capillary hemangioma 
 Ganglioglioma  Cavernous hemangioma 

  Nerve sheath tumors  
 Schwannoma 
 Neurofi broma 
 Malignant peripheral nerve 
sheath tumor 
 Synovial sarcoma 
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3.5.1.3     Case 
 Although most myxopapillary ependymomas can 
be completely resected and no further interven-
tion with radiotherapy is required, in select cases 
up-front radiotherapy is delivered. We present a 
case of a 34-year-old woman who presented with 
progressive bilateral leg weakness and sensory 
fi ndings (paresthesia) who ultimately progressed 
to develop a neurogenic bladder. The patient had 
an MRI spine with contrast and was found to 
have an extensive intramedullary mass. In 
Fig.  3.7 , the T2 FLAIR and T1 post-gadolinium 
sagittal images are shown depicting an enhancing 
cystic and solid tumor extending cranially from 
T10 to S2 caudally, and axially the tumor involved 
the entire canal. The patient then underwent a 
subtotal resection and the pathology confi rmed 
the diagnosis of myxopapillary ependymoma. As 
a complete resection was not possible, the patient 
was treated adjuvantly with radiotherapy. We pre-
scribed 54 Gy in 30 fractions and delivered treat-
ment using intensity modulated radiotherapy 
(IMRT) using a 12 coplanar beam technique. 
When the tumor is also inherently the organ at 
risk (OAR), our practice is to prescribe to a point 
maximum (in this case 54 Gy) and aim to achieve 

at least >95 % coverage of the CTV and >90 % of 
PTV. This practice ensures no hot spot in the 
treatment plan and hence within the OAR.  

 The GTV was the T1 post-contrast enhancing 
disease and included the T2 FLAIR signal 
change, and a 1.5 cm margin beyond the GTV 
cranially and caudally was applied (respecting 
anatomic barriers) as CTV. However, in this case 
the inferior aspect of the CTV was extended to 
encompass the spinal canal to its inferior aspect 
which was ~S5 (red contour, Fig.  3.7 ). For more 
limited target lengths, a 0.3–0.5 cm PTV margin 
is applied; however, in this case due to the uncer-
tainties at the extremes of the target with respect 
to patient motion and setup uncertainties, a 1 cm 
PTV was applied (blue contour, Fig.  3.7 ). 
Representative axial and sagittal images of the 
dose distribution are also shown, and the confor-
mal nature of the higher isodose lines is apparent 
with the lower doses (e.g., the 2,500 cGy isodose 
line) spilling due to the nature of IMRT delivery.  

3.5.1.4     Selected Evidence 
 The Cleveland Clinic group recently reported on 
37 patients with spinal myxopapillary ependy-
moma (Chao et al.  2011 ). Of the 37 patients, 9 

a b c d e

  Fig. 3.7    An example of a myxopapillary ependymoma 
treated with 54 Gy in 30 fractions with IMRT. The pre-
radiation T2 FLAIR and T1 post-gadolinium sagittal MR 
images are shown on Panels ( a ,  b ). The treatment plan-
ning volumes shown in Panel ( c ) with the CTV in  red  and 

PTV in blue (for clarity the GTV contour omitted), Panel 
( d ) illustrates an axial image showing the CTV and PTV 
and below a representation of the isodose distribution, and 
Panel ( e ) illustrates the sagittal view of the treatment plan 
with representative isodose lines       
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were treated with a planned up-front postopera-
tive adjuvant radiation, 5 of which had a gross 
tumor resection (GTR), and 32 patients were 
observed postoperatively (20 of whom had a 
GTR). They observed a mean survival time of 
12.2 years and a median time to recurrence of 
7.7 years (16/37 had relapsed). The use of up- 
front radiation did not yield any signifi cant dif-
ferences in overall survival (OS) or relapse-free 
survival (RFS). Importantly, they observed that 
for those who relapsed and were treated with 
radiation at that time, the median RFS was sig-
nifi cantly prolonged at 9.6 years as opposed to 
1.1 years in those who did not receive radiation 
( p  = 0.0093). The reader is cautioned to recognize 
that there are other data that have reported bene-
fi ts with respect to RFS with up-front radiation 
and overall there is much controversy as to the 
optimal management with respect to the timing 
of radiation. 

 The Princess Margaret Hospital (Toronto, 
Canada) experience has been reported. The series 
consisted of 59 patients and all patients were 
treated with radiotherapy. Overall survival at 5 
and 10 years was 83 and 75 %, respectively. They 
observed that grade correlated with survival with 
5-year cause-specifi c survivals of 97 % vs. 75 % 
for well-differentiated tumors as compared to 
intermediate or poorly differentiated tumors. The 
median time to recurrence for the 11 local fail-
ures was 2 years (Waldron et al.  1993 ).   

3.5.2     Astrocytoma 

 Astrocytomas of all WHO grades can occur in the 
spinal cord. Pilocytic astrocytomas are WHO 
grade I neoplasms with low proliferative activity 
featuring biphasic morphology and Rosenthal 
fi ber formation. These typically occur in children 
and young adults and account for 12.5 % of spi-
nal cord tumors in the pediatric population 
(Dolecek et al.  2012 ). Infi ltrating astrocytomas of 
the CNS are graded on the basis of pleomorphism 
(diffuse astrocytoma – WHO grade II), mitotic 
activity (anaplastic astrocytoma – WHO grade 
III), and the presence of vascular proliferation 
and/or necrosis (glioblastoma – WHO grade IV). 

Similar to ependymoma, there is potential for 
complete resection of well-defi ned tumors such 
as pilocytic astrocytoma. For extensive tumors 
and/or more infi ltrative tumors, subtotal resection 
or biopsy alone may be the only surgical result 
achievable, and these patients typically will 
require up-front radiation. 

3.5.2.1     MR Imaging Characteristics 
 Spinal cord astrocytomas appear as expansile 
mass lesions most commonly located in the 
 cervical or thoracic cord. They show low T1 and 
bright T2 signal. Hemorrhage and cystic change 
are less frequent compared with ependymoma. 
Tumor enhancement is variable and may range 
from no enhancement to fairly avid enhance-
ment. Those lesions which do enhance are usu-
ally less avid when compared with ependymoma. 
Enhancement patterns can range from focal nod-
ular, patchy, and diffuse, and astrocytomas are 
also usually more eccentrically located in the 
cord compared with ependymomas.  

3.5.2.2     Radiotherapy Volume 
Delineation 

 For pilocytic astrocytoma, the GTV includes the 
residual enhancing disease and the surgical bed. 
A 0.5–1 cm margin cranially and caudally is 
applied as CTV that also encompasses the T2 
FLAIR abnormality and radially the entire spinal 
canal along the CTV length. A 0.3–0.5 cm mar-
gin is applied for PTV. For higher-grade tumors, 
the GTV includes the residual enhancing disease, 
the surgical bed, and the T2 FLAIR abnormality. 
A CTV margin of 1 cm cranially and caudally is 
applied of grade II tumors and 1.5 cm for grade 
III and IV tumors and radially the entire spinal 
canal along the CTV length. A 0.5 cm margin is 
applied for PTV (this margin is based on the 
patient immobilized in a suitable device and 
cone-beam CT image guidance).  

3.5.2.3    Pilocytic Astrocytoma Case 
 This 29-year-old female initially presented with 
neck pain and an episode of transient quadripare-
sis following a chiropractic neck manipulation. 
The preoperative and postoperative sagittal T1 
post-gadolinium and T2 FLAIR MRI sequences 
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are shown in Fig.  3.8  and illustrate an enhancing 
mass that was cystic and solid in nature. The 
mass extended from C1 to T1. Following a subto-
tal resection, the patient was treated adjuvantly 
with 54 Gy in 30 fractions using IMRT and a 
nine-beam coplanar beam arrangement. We pre-
scribed 54 Gy to a point maximum within the 
PTV and aimed to achieve at least >95 % cover-
age of the CTV and >90 % of the PTV.  

 The GTV was contoured as the T1 post- 
gadolinium residual disease and surgical bed. 
The CTV encompassed the GTV, the T2 FLAIR 
abnormality, and a 1 cm margin beyond the T2 
FLAIR abnormality cranially (which extends 
into the brainstem) and caudally (respecting 
anatomic barriers). Radially, the entire spinal 
canal was included and at the level of the brain-
stem, the entire brainstem is taken axially along 

  Fig. 3.8    A cervical pilocytic astrocytoma subtotally 
resected and treated with adjuvant radiation. The  top row  
illustrates the preoperative and postoperative sagittal MR 
images. The  middle panel  illustrates the treatment plan-
ning volumes on the treatment planning CT with GTV in 

 red , CTV in  green , and PTV in  orange  and axial, sagittal, 
and coronal slices. The corresponding isodose distribution 
is shown in the  bottom row , and this patient was treated 
with 54 Gy in 30 fractions       
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the length of the CTV (respecting anatomic bar-
riers). A 0.5 cm margin was then applied as 
PTV. The middle panel of Fig.  3.8  shows the 
contoured volumes with GTV in red, CTV in 
green, and PTV in orange. Representations of 
the dose distribution are also shown in the bot-
tom panel of Fig.  3.8 .  

3.5.2.4    Selected Evidence 
 A recent study by Ishkanian et al. reviewed the 
Princess Margaret Hospital (Toronto, Canada) 
adult pilocytic astrocytoma experience (Ishkanian 
et al.  2011 ). The focus was on analyzing the role 
of up-front radiation as opposed to observation. 
In that series, 4 out of 30 tumors were located 
within the spinal cord. The study concluded that 
the timing of radiation did not impact 
OS. However, progression-free survival (PFS) 
was signifi cantly extended with up-front radia-
tion. At 10 years, the PFS rate was 17 % in the 
observation cohort as compared to 60 % in those 
radiated up front.  

3.5.2.5    Low-Grade Glioma Case 
 This 45-year-old female presented with head-
ache, blurred vision, and paresthesia over her left 
side. MRI was performed and shown in Fig.  3.9 . 
Essentially a mass spanning the C2 vertebrae was 
observed clearly on T2 FLAIR imaging and 
faintly enhancing on T1 post-gadolinium. An 
associated cyst was also evident on the T2 FLAIR 
MRI extending to the level of the clivus. The 
patient underwent a cyst decompression and sub-
total resection, and the postoperative T2 FLAIR 
imaging is shown in Fig.  3.9 . The pathology con-
fi rmed a grade II diffuse low-grade astrocytoma. 
The patient was treated with 54 Gy in 30 frac-
tions prescribed to a point maximum in the 
PTV. A fi ve-beam coplanar IMRT technique was 
used, and the sagittal dose distribution is shown 
in Fig.  3.9 . The GTV included the T2 FLAIR 
abnormality, T1 post-gadolinium abnormality, 
and surgical bed as shown as the red contour; the 
CTV consisted of a 1.5 cm cranial–caudal exten-
sion beyond the GTV and radially to encompass 

a b c d

  Fig. 3.9    A patient with a cervical spine diffuse grade II 
low-grade astrocytoma with preoperative T2 FLAIR and 
T1 post-gadolinium sagittal images on the left (Panels 
 a ,  b ), the post subtotal resection and cyst decompression 

sagittal T2 FLAIR image in Panel ( c ), and the treatment 
planning CT with representative isodose lines in Panel ( d ) 
with the corresponding DVH       
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the entire canal (respecting anatomic barriers) 
and a margin of 0.5 cm applied as PTV. The DVH 
is also shown in Fig.  3.9 .   

3.5.2.6    Selected Evidence 
 Outcomes from 52 patients with non- 
ependymoma spinal cord glioma treated with 
radiation were reported from the Princess 
Margaret Hospital (Toronto, Canada) (Rodrigues 
et al.  2000 ). Of the 52 cases, 37 (71 %) were low 
grade (no malignant features) and 15 (29 %) were 
intermediate (malignant features without frank 
anaplasia)/high grade (frank anaplasia). Biopsy 
alone was performed in 52 %, subtotal resection 
in 38 %, and a gross-total resection in 10 % of 
cases. The 5-year cause-specifi c survival and PFS 
were 73 and 64 % for low-grade tumors and 30 
and 20 % for high-grade tumors, respectively.   

3.5.3     Extramedullary Intradural 
Spinal Tumors 

3.5.3.1    Meningioma 
 Meningioma is the most common primary tumor 
of the CNS and spinal cord, accounting for 46 % of 
all intradural spinal neoplasms. The incidence of 
meningioma increases linearly with patient age. 
Meningiomas are also the most common radiation-
induced tumor of the central nervous system. 
Spinal meningiomas are most commonly classifi ed 
as WHO grade I tumors, but these can also be more 
aggressive and categorized as atypical (WHO 
grade II) or anaplastic (WHO grade III). Grading is 
based on the histological patterns, as well as assess-
ment of parenchymal invasion and mitotic activity. 
The majority of spinal meningiomas are solitary; 
however, multiple tumors may occur and most fre-
quently in the setting of neurofi bromatosis type 2. 
The psammomatous variant of meningioma (WHO 
grade I), characterized by innumerable calcifi ca-
tions, occurs most commonly in the dura of the 
 thoracic cord. 

 The primary therapeutic modalities are sur-
gery and radiation. The aim of surgery is to 
attempt a GTR. For grade I tumors if a subtotal 
resection or biopsy is performed, then observation 

and up-front radiation are potential options. In 
certain cases in which histological confi rmation 
is not possible and if the imaging is consistent 
with meningioma, then again observation and up-
front adjuvant radiation are the options. For grade 
II tumors, postsurgical management options 
include observation or up-front radiation if a 
GTR has been achieved; otherwise, up-front radi-
ation is typically performed as the risk of recur-
rence/progression is signifi cant. For grade III 
tumors, adjuvant radiation is recommended 
regardless of the degree of resection to optimize 
local control.  

3.5.3.2    MR Imaging Characteristics 
 Meningiomas are characteristically intradural, 
extramedullary lesions. They typically show 
isointense (to spinal cord) T1 and T2 signal and 
will avidly enhance. The presence of calcifi cation 
may give rise to low regions of T1 and T2 signal. 
An enhancing “dural tail” that trails and tapers 
off as it extends away from the mass may be seen 
and refl ects dural reaction. Rarely, cystic change 
or fatty degeneration may arise, the latter giving 
rise to regions of bright T1 signal that will 
become dark on fat saturation sequences. Due to 
their intradural location, meningiomas may cause 
signifi cant mass effect on the spinal cord which 
may show deformity as well as regions of high 
T2 signal due to parenchymal edema.  

3.5.3.3     Radiotherapy Volume 
Delineation 

 For grade I tumors treated with fractionated 
radiotherapy, typical doses range from 45 Gy in 
25 fractions to 54 Gy in 30 fractions. The GTV is 
the enhancing disease based on the T1 post- 
gadolinium MRI, and the T2 FLAIR imaging can 
assist in delineating disease. The inclusion of the 
dural tail is controversial; however, if toxicity is 
not signifi cantly increased as a result of its inclu-
sion, then it is typically taken in the volume. 
A CTV ranging from 0 to 0.5 cm may be applied 
and depends on the clinical situation. For grade II 
and III tumors, the surgical bed is included in the 
GTV contour, and a CTV ranging from 0.5 to 
1 cm that respects anatomic barriers to tumor 
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spread is applied. Of note, the CTV margin 
should account for contiguous spread into the 
adjacent brain tissue, unlike grade I tumors, due 
to the potential for brain invasion. Using a stan-
dard thermoplastic mask and image guidance, a 
0.3 cm PTV margin may be applied; otherwise, 
0.5 cm is recommended. The dose used at the 
University of Toronto is currently 60 Gy in 30 
fractions for atypical and malignant meningioma 
tumors of the brain, and for the spine, typically 
the dose is restricted to 54 Gy; however, with 
modern IMRT treatment planning, there may be 
potential to boost the GTV to 60 Gy while spar-
ing the spinal cord to 54 Gy. 

 With respect to spine SBRT, there is emerging 
evidence to apply single fraction (or few frac-
tions of high-dose-per-fraction radiation) to these 
tumors despite the location within the spinal 
canal (Sahgal et al.  2007 ; Bhatnagar et al.  2005 ). 
The issue is the spinal cord tolerance and the lack 
of literature as to long-term safety following 
exposure to high-dose-per-fraction radiation, 
which is less of an issue as compared to the 
patient with metastatic disease where the tech-
nique has been rapidly adopted in North America. 
Therefore, at this time use of spine SBRT for 

benign tumors is considered experimental and 
very few centers have been developing this tech-
nique for this indication. Spine SBRT will be dis-
cussed in greater detail in the metastases section.  

3.5.3.4    Case 
 This 50-year-old female presented with right arm 
numbness prompting an MRI which showed an 
enhancing mass consistent with an intradural 
meningioma at the level of the foramen magnum. 
A subtotal resection was performed followed by 
postoperative radiation given that a GTR was not 
achievable and a decision was made to maximize 
local control. The postoperative MRI is shown in 
Fig.  3.10 . This WHO grade I meningioma extends 
from the lower clivus to the level of C2, and there 
was encasement of both vertebral arteries and the 
basilar artery with compression of the medulla 
oblongata.  

 The patient was treated with 54 Gy in 30 frac-
tions, again restricting the dose within the PTV to 
a maximum of 54 Gy. The GTV was defi ned as 
the contrast enhancing residual mass (red con-
tour, Fig.  3.10 ). In this case we also took all vis-
ible dural tail in the GTV. A 0.5 cm radial margin 
was then applied while respecting anatomic 

a b c

  Fig. 3.10    A patient with a cervical spine intradural extra-
medullary meningioma with the postoperative T1 post- 
gadolinium sagittal image shown in Panel ( a ), the axial T1 
post-gadolinium images at two separate levels shown on 

Panel ( b ), and the treatment planning CT with GTV in  red 
color  wash, CTV in  green color  wash, and PTV in  blue 
color  wash on both an axial and sagittal slice, with the 
corresponding DVH shown in Panel ( c )       
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 barriers (e.g., bone, spinal cord) as CTV, and we 
allowed a more generous superior and inferior 
CTV extension of approximately 1 cm as there is 
essentially no barrier to spread, and our aim was 
to minimize any chance of further surgery given 
the morbidity of operating in this location (green 
contour, Fig.  3.10 ). For PTV, we added a 0.5 cm 
geometric expansion (blue contour, Fig.  3.10 ).  

3.5.3.5    Selected Evidence 
 A large series of spinal meningiomas was recently 
reported from Japan with long-term follow-up 
(mean postoperative follow-up 12.1 years) 
(Nakamura et al.  2012 ). Sixty-eight patients 
underwent resection with 43 being a Simpson 
grade 1 (complete resection including underlying 
bone and associated dura), 19 a Simpson grade 2 
(complete removal with coagulation of dural 
attachment), and 6 a Simpson grade 3/4 (complete 
removal without coagulation of dural/subtotal 
resection). They observed no tumor recurring for 
those achieving a Simpson grade 1 resection, 6/19 
(32 %) recurring in the Simpson grade 2 group, 
and 6/6 (100 %) recurring in the Simpson grade 
3/4 group. Although the time to progression was 
within 5 years for all patients in the Simpson 
grade 3 group, the mean (± standard deviation) 
time to progression was 12.2 (± 5.2) years in the 
Simpson grade 2 group. These data highlight the 
role of observation in patients having had a gross 
complete resection (Simpson grade 1) and radia-
tion in patients subtotally resected (Simpson 
Grade 3/4). The use of up- front radiation in the 
Simpson grade 2 group is controversial. This 
study, and one from the Mayo Clinic (Cohen-
Gadol et al.  2003 ), identifi ed younger patients 
(age <50 years) as having a greater risk of tumor 
recurrence as compared to older patients and may 
infl uence the decision to offer up-front adjuvant 
radiation in the Simpson 2 cohort.   

3.5.4     Vertebral and Intramedullary 
Spinal Metastases 

 Vertebral body metastases are a frequent compli-
cation of advanced cancer occurring in up to 40 % 
of all cancer patients (Sahgal et al.  2011a ,  2008b ; 

Masucci et al.  2011 ). For patients who do not 
require an urgent operation, i.e., mechanically 
stable and/or no spinal cord compression, radia-
tion has been the preferred treatment. This is due 
to the ability of radiation to palliate the pain and 
treat the tumor to reduce the risk of progression. 
With respect to the optimal dose- fractionation 
scheme, there have been several randomized trials 
and meta-analyses dedicated to this question 
(Chow et al.  2007 ). The primary endpoint of these 
studies has been short-term pain control and has 
concluded equivalence with the caveat that treat-
ment with a single fraction of 8 Gy results in 
greater re-treatment rates as compared to fraction-
ated courses like 20 Gy in 5 fractions or 30 Gy in 
10 fractions (Chow et al.  2007 ). The radiotherapy 
technique has been rather simple with at least one 
healthy vertebrae above and below included in the 
radiation fi eld and either an anterior–posterior 
parallel-opposed beam arrangement or a direct 
posterior fi eld prescribed to a depth. 

 Following conventional radiation, pain out-
comes have been relatively consistent in the ran-
domized trials with ~60 % of patients achieving a 
partial response and 0–20 % a complete response 
(Chow et al.  2007 ; Howell et al.  2013 ; Foro 
Arnalot et al.  2008 ; Nguyen et al.  2011 ). With 
respect to local control, there is a lack of literature 
documenting imaging-based tumor control rates 
until recently. Mizumoto et al. reported on 603 
patients with spinal metastases following conven-
tional radiation and found that patients with bulky 
tumors had inferior local control rates (Mizumoto 
et al.  2011 ). At 1 year, the local control rate was 
46 % in those with “mass”-type tumors and 86 % 
in those with “non-mass”-type tumors. These data 
suggest that there is signifi cant room for improve-
ment in both complete pain response rates and 
local control; however, progress has only recently 
been made with the advent of SBRT. The Canadian 
Association of Radiation Oncology (CARO) 
recently defi ned SBRT as the precise delivery of 
highly conformal and image-guided hypofrac-
tionated external beam radiotherapy, delivered in 
a single or few fraction(s), to an extracranial body 
target with doses at least biologically equivalent 
to a radical course when given over a convention-
ally fractionated (1.8–3.0 Gy/fraction) schedule 
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(Sahgal et al.  2012a ). With respect to metastatic 
disease, this defi nition refl ects the paradigm shift 
in treatment philosophy such that “locally cura-
tive doses” as opposed to “locally palliative 
doses” are delivered. The current spine SBRT lit-
erature suggests complete pain relief rates of 
~50 % and local control rates that range from 70 
to 100 % (Sahgal et al.  2011a ; Nguyen et al.  2011 ; 
Wang et al.  2012 ). A randomized trial is underway 
comparing 8 Gy in 1 fraction delivered conven-
tionally to 16–18 Gy delivered as SBRT, and the 
primary endpoint is pain relief (RTOG 0631). 
There are several reviews that detail the current 
state of the literature with respect to the applica-
tion of spine SBRT to metastases that are radia-
tion naive, previously radiated and progressed 
requiring salvage, and in the postoperative patient 
(Sahgal et al.  2011a ; Masucci et al.  2011 ). The 
fi eld is growing rapidly, and Fig.  3.11  illustrates a 
typical spine SBRT distribution.  

 With respect to intramedullary metastases, 
these tumors are exceedingly rare (less than 5 % 
of all spinal metastases) and typically these 
patients are irradiated (Sung et al.  2013 ). There is 
potential for surgical excision; however, surgery 
tends to be high risk with respect to complica-
tions. A recent analysis of eight cases within a 
single institution over a 20-year history, and a 

review of the literature totaling 293 cases, was 
reported by Sung et al. ( 2013 ) They observed that 
the most common primary cancers resulting in 
intramedullary metastases were lung and breast 
cancers, most patients presented with neurologic 
defi cits (weakness in 88 %) and pain, and the 
median survival was on the order of 4 months. 

 Some groups have been applying spine SBRT 
to these tumors with the aim to optimize local 
control; however, the issue is spinal cord toler-
ance and the balance of treating the lesion effec-
tively while not overdosing the normal spinal 
cord tissue. One of the largest series is from 
Stanford who recently reported on nine patients 
with 11 intramedullary metastases (Veeravagu 
et al.  2012 ). The median survival was 4 months 
and 4 days (1.1–13 months) and the total dose 
varied from 14 to 27 Gy delivered over 1–5 frac-
tions. With such a small number of patients, 
limited follow-up and poor survival conclusions 
cannot be drawn. Although they reported no 
complications despite these potentially prohibi-
tive doses within the spinal cord, separate 
reports from this group have reported radiation 
myelopathy (Daly et al.  2011a ,  b ). A detailed 
discussion on spinal cord tolerance and radia-
tion myelopathy is the focus of the subsequent 
sections.   

  Fig. 3.11    A patient with a 
lung cancer metastasis 
involving T9 and 
signifi cant paraspinal 
disease extension treated 
with 30 Gy in 4 fractions. 
The conformality of the 
isodose lines is clearly 
evident with sparing of the 
central spinal cord and 
representative isodose lines 
shown       
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3.6     Radiation Myelopathy 
and Spinal Cord Tolerance 

 Permanent myelopathy is one of the most devas-
tating late complications of radiotherapy. Signs 
and symptoms can manifest in various combina-
tions of motor and sensory defi cits depending on 
the anatomic level of cord injury. Initial signs and 
symptoms may be nonspecifi c and often include 
a diminished sense of proprioception and/or tem-
perature sensation, minor motor weakness, and 
clumsiness. Changes in gait, incontinence, 
Brown-Sequard syndrome, hyperrefl exia, plegia, 
paresis, spasticity, and the Babinski sign are 
examples of more characteristic symptoms and 
signs that develop as the injury progresses 
(Sahgal et al.  2011b ). Radiation myelopathy is a 
diagnosis of exclusion and based on neurological 
symptoms and signs of myelopathy that are con-
sistent with the segment of cord irradiated and a 
consistent clinical course. Evidence of neoplastic 
disease involving the spinal cord or central ner-
vous system must be excluded. 

 The diagnosis of radiation myelopathy is typi-
cally supplemented by certain signal changes 
within the cord on MRI. Typically within the irra-
diated segment, low or normal signal intensity on 
T1-weighted images, high signals on T2-weighted 
images, and focal to diffuse contrast enhance-
ment in the irradiated segment of the cord indi-
cating necrosis are observed (Wang et al.  1995 ; 
Alfonso et al.  1997 ). Histopathologic descrip-
tions of human myelopathy cases have described 
lesions that involved only white matter paren-
chyma with minor vascular changes, lesions that 
were mainly vascular, and lesions that demon-
strated both white matter and vascular damage 
(Schultheiss et al.  1988 ). 

3.6.1     Human Clinical Data 
for Radiation Myelopathy 
and Guidelines for Safe 
Practice 

 Much of what is known about human spinal cord 
tolerance is based on myelopathy data following 
conventionally fractionated radiotherapy and 

techniques. Here, conventional fractionation 
refers to fraction sizes ≤5 Gy. Due to the hetero-
geneity in the dose-fractionation schemes, total 
doses are equated using the linear quadratic (LQ) 
model. The biologically effective dose (BED) is 
based on the LQ model and calculated according 
to the formula, BED =  nd (1 +  d / α / ß ), where d is 
the dose per fraction,  n  is the number of fractions, 
and  α / ß  is a value describing the fractionation 
radiosensitivity of the tissue (Sahgal et al.  2012b , 
 2010 ,  2013 ). The BED can then be simplifi ed to 
an equivalent total dose delivered in 2 Gy per day 
fraction sizes using the EQD2 derivation (Bentzen 
et al.  2012 ). An  α / ß  of 2 Gy is widely used for 
neural tissue in clinical practice. When equated 
to 2 Gy fraction sizes and using an  α / ß  of 2 Gy, 
the EQD2 is simply calculated by dividing the 
BED by 2. This calculation has also been 
described as a normalized BED (nBED) (Sahgal 
et al.  2010 ,  2012b ,  2013 ). 

 The LQ model provides a satisfactory descrip-
tion of the dose-fractionation response of the cord 
when the dose per fraction is under ~14 Gy 
(Brenner  2008 ); however, its use in higher-dose- 
per-fraction radiation >15 Gy has been questioned 
(Park et al.  2008 ). At the present time, it represents 
the most accepted model in clinical use and the 
advantage of the BED calculation is the lack of 
assumptions in its derivation. In the following sec-
tions all BED values will be based on an  α / ß  of 2. 

3.6.1.1     Spinal Cord Tolerance After 
Conventional Radiation 
(≤5 Gy/Fraction) in Radiation-
Naive Patients 

 A 5 % risk of myelopathy at 5 years posttreatment 
with 50 Gy in 25 fractions was largely based on 
expert opinions as summarized by Emami et al. 
( 1991 ). When the different dose- fractionation 
schemes that have caused myelopathy are calcu-
lated, Sahgal, Wong, and van der Kogel observed 
that if the EQD2 is under 50 Gy 2/2 , the risk of 
myelopathy is negligible (Sahgal et al.  2011b ). 
Within a range of 50–60 Gy 2/2 , there might be a 
small risk of radiation myelopathy (Sahgal et al. 
 2011b ). Therefore, an EQD2 up to 60 Gy 2/2  
(BED = 120 Gy 2 ) given conventional fractionation 
delivered with 1.8–2.0 Gy/day fraction sizes using 
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modern CT-based planning is acceptable depend-
ing on the clinical context (Sahgal et al.  2011b ). 
Importantly, their work does not apply to altered 
fractionation schemes (hyperfractionated or accel-
erated delivery) as the radiobiology is completely 
distinct.  

3.6.1.2     Re-irradiation Spinal Cord 
Tolerance Following Prior 
Conventional Radiation 
(<5 Gy/Fraction) 

 Compared to a single course of radiation, there 
is even less data with respect to re-treatment tol-
erance of the human spinal cord (Sahgal et al. 
 2011b ). The report by Wong et al. represents the 
largest series describing re-irradiation myelopa-
thy with conventionally fractionated radiother-
apy (Wong et al.  1994 ). The total BED of the 
spinal cord in the 11 cases ranged from 129 to 
170 Gy 2  (EQD2 ranging from 64 to 85 Gy 2/2 ). 
Therefore, one could propose a cumulative BED 
up to 120 Gy 2  as safe, and this fi ts well consider-
ing in the unirradiated patient that 60 Gy 2/2  rep-
resents a dose resulting in a small risk of 
radiation myelopathy (Sahgal et al.  2011b ; 
Schultheiss et al.  1995 ). 

 The analysis of re-treatment cord tolerance is 
more complex than just the total EQD2, as each 
course of radiation has its own risk of myelopathy. 
We still do not know how to model the degree of 
repair following radiation to the spinal cord, as it 
is assumed that some proportion of the dose is 
remembered by the tissue and this impacts the 
subsequent dose deliverable. Nieder et al. made a 
major contribution to the literature in this regard 
and our understanding of re-treatment cord toler-
ance in their report (Nieder et al.  2005 ). They 
reanalyzed the Wong cases and reviewed the pub-
lished literature to gain control cases. They were 
able to suggest that a cumulative BED of 
135.5 Gy 2  or less could be safe if neither course of 
radiation exceeds a BED of 98 Gy 2  and the time 
interval between courses is no shorter than 6 
months (Nieder et al.  2005 ). One has to note that 
the actual dosimetry of these controls was not 
reviewed and verifi ed.  

3.6.1.3     Spinal Cord Tolerance After 
Hypofractionated Radiation 
(≥5 Gy/Fraction) with No Prior 
Radiation 

 Sahgal et al. recently reported a detailed dosimet-
ric analysis of nine cases of radiation myelopathy 
following spine SBRT in radiation-naive patients. 
These data are unique in that all DVH data were 
centrally reviewed and all treatments delivered 
using a unit that delivers the radiation with the 
extreme precision mandated for SBRT. These 
cases were compared to 66 controls as a multi- 
institutional collaboration (Sahgal et al.  2013 ). 
All DVH data were reviewed for each case and 
dose to the thecal sac analyzed. They observed 
that the most signifi cant predictor of radiation 
myelopathy was the point maximum dose to the 
thecal sac. Based on a logistic regression model, 
they were able to derive probabilities of radiation 
myelopathy specifi c to spine SBRT. The data 
suggested that an EQD2 up to 45 Gy 2/2  maintains 
the risk to ≤5 %. This translates practically to 
12.4 Gy in a single fraction, 17 Gy in 2 fractions, 
20 Gy in 3 fractions, 23 Gy in four fractions, and 
25 Gy in 5 fractions again to the thecal sac point 
maximum volume.  

3.6.1.4     Spinal Cord Tolerance 
After Hypofractionated 
Radiation (≥5 Gy/Fraction) 
with Prior Radiation 
and Recommendations 
for Re-treatment 

 Re-treatment with high-dose-per-fraction radia-
tion using SBRT is an emerging practice that is 
likely to become standard, as it allows the deliv-
ery of a second radical course of radiation to the 
tumor while sparing the spinal cord (Masucci 
et al.  2011 ; Sahgal et al.  2009 ). Sahgal et al. 
reported a detailed dosimetric analysis on fi ve 
cases of re-irradiation myelopathy, and the cumu-
lative EQD2 ranged from 72 to 153 Gy 2/2  (Sahgal 
et al.  2012b ). By comparing the DVH data to a 
group of controls from the University of 
California San Francisco, they were able to gen-
erate the following guidelines for safe practice: 
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(1) the cumulative thecal sac point maximum 
EQD2 should not exceed 70 Gy 2/2 , (2) the SBRT 
re-irradiation thecal sac point maximum EQD2 
should not exceed 25 Gy 2/2 , (3) the ratio of the 
SBRT thecal sac point maximum dose to the total 
EQD2 should not exceed 0.5, and (4) a minimum 
time interval of 5 months between courses.    

    Conclusion 

 Spinal cord tumors are rare and their manage-
ment represents a major challenge for spine 
surgeons, neurosurgeons, and radiation oncol-
ogists. The management decisions are largely 
based on clinical experience, and the few pub-
lished data consist mainly of single institution 
retrospective reviews. Therefore, tumor board 
discussions are of great importance with all 
disciplines participating in the care of these 
patients engaged. This chapter provides the 
basics as to spinal cord anatomy, spinal cord 
histology, management of the more common 
tumors, and spinal cord tolerance. Although 
high-dose radiation using SBRT is rapidly 
emerging in clinical practice, its role is pre-
dominantly in the management of vertebral 
metastases and not primary spinal cord tumors.     

   References 

    Alfonso ER, De Gregorio MA, Mateo P, Esco R, Bascon 
N, Morales F et al (1997) Radiation myelopathy in 
over-irradiated patients: MR imaging fi ndings. Eur 
Radiol 7(3):400–404  

    Bagley CA, Wilson S, Kothbauer KF, Bookland MJ, 
Epstein F, Jallo GI (2009) Long term outcomes fol-
lowing surgical resection of myxopapillary ependy-
momas. Neurosurg Rev 32(3):321–334; discussion 34. 
Epub 2009/02/18  

    Barton VN, Donson AM, Kleinschmidt-DeMasters BK, 
Birks DK, Handler MH, Foreman NK (2010) Unique 
molecular characteristics of pediatric myxopapillary 
ependymoma. Brain Pathol 20(3):560–570. Epub 
2009/10/02  

    Bentzen SM, Dörr W, Gahbauer R, Howell RW, Joiner 
MC, Jones B et al (2012) Bioeffect modeling and 
equieffective dose concepts in radiation oncology – 
terminology, quantities and units. Radiother Oncol 
105(2):266–268. Epub 2012/11/20  

    Bhatnagar AK, Gerszten PC, Ozhasaglu C, Vogel WJ, 
Kalnicki S, Welch WC et al (2005) CyberKnife frame-
less radiosurgery for the treatment of extracranial benign 
tumors. Technol Cancer Res Treat 4(5):571–576  

    Brenner DJ (2008) The linear-quadratic model is an 
appropriate methodology for determining isoeffective 
doses at large doses per fraction. Semin Radiat Oncol 
18(4):234–239  

    Chamberlain MC, Tredway TL (2011) Adult primary 
intradural spinal cord tumors: a review. Curr Neurol 
Neurosci Rep 11(3):320–328. Epub 2011/02/18  

    Chao ST, Kobayashi T, Benzel E, Reddy CA, Stevens GH, 
Prayson RA et al (2011) The role of adjuvant radiation 
therapy in the treatment of spinal myxopapillary 
 ependymomas. J Neurosurg Spine 14(1):59–64. 
Epub 2010/12/15  

      Chow E, Harris K, Fan G, Tsao M, Sze WM (2007) 
Palliative radiotherapy trials for bone metastases: a 
systematic review. J Clin Oncol 25(11):1423–1436  

    Cohen-Gadol AA, Zikel OM, Koch CA, Scheithauer BW, 
Krauss WE (2003) Spinal meningiomas in patients 
younger than 50 years of age: a 21-year experience. 
J Neurosurg 98(3 Suppl):258–263. Epub 2003/04/15  

    Daly ME, Choi CY, Gibbs IC, Adler JR Jr, Chang SD, 
Lieberson RE et al (2011a) Tolerance of the spinal 
cord to stereotactic radiosurgery: insights from 
hemangioblastomas. Int J Radiat Oncol Biol Phys 
80(1):213–220. Epub 2011/04/13  

    Daly ME, Luxton G, Choi CY, Gibbs IC, Chang SD, Adler 
JR et al (2011b) Normal tissue complication probabil-
ity estimation by the Lyman-Kutcher-Burman method 
does not accurately predict spinal cord tolerance to 
stereotactic radiosurgery. Int J Radiat Oncol Biol Phys 
82(5):2025–2032. Epub 2011/05/03  

    Dolecek TA, Propp JM, Stroup NE, Kruchko C (2012) 
CBTRUS statistical report: primary brain and central 
nervous system tumors diagnosed in the United States 
in 2005–2009. Neuro Oncol 14(Suppl 5):v1–v49. 
Epub 2012/11/01  

    Emami B, Lyman J, Brown A, Coia L, Goitein M, 
Munzenrider JE et al (1991) Tolerance of normal tis-
sue to therapeutic irradiation. Int J Radiat Oncol Biol 
Phys 21(1):109–122  

    Foro Arnalot P, Fontanals AV, Galceran JC, Lynd F, 
Latiesas XS, de Dios NR et al (2008) Randomized 
clinical trial with two palliative radiotherapy regimens 
in painful bone metastases: 30 Gy in 10 fractions com-
pared with 8 Gy in single fraction. Radiother Oncol 
89(2):150–155  

    Gray H (1918/2000) In: Lewis WH (ed) Anatomy of the 
human body. Central nervous system. Lea & Febiger, 
Philadelphia, 1396 p  

    Howell DD, James JL, Hartsell WF, Suntharalingam M, 
Machtay M, Suh JH et al (2013) Single-fraction radio-
therapy versus multifraction radiotherapy for pallia-
tion of painful vertebral bone metastases-equivalent 
effi cacy, less toxicity, more convenient: a subset 

3 Spinal Cord Tumors



58

 analysis of Radiation Therapy Oncology Group trial 
97-14. Cancer 119:888–896  

    ICRU (1993) Report 50. Prescribing, recording, reporting 
photon beam therapy. ICRU, Bethesda  

    Ishkanian A, Laperriere NJ, Xu W, Millar BA, Payne D, 
Mason W et al (2011) Upfront observation versus 
radiation for adult pilocytic astrocytoma. Cancer 
117(17):4070–4079  

    Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger 
PC, Jouvet A et al (2007) The 2007 WHO classifi ca-
tion of tumours of the central nervous system. Acta 
Neuropathol 114(2):97–109. Epub 2007/07/10  

      Masucci GL, Yu E, Ma L, Chang EL, Letourneau D, Lo S 
et al (2011) Stereotactic body radiotherapy is an effec-
tive treatment in reirradiating spinal metastases: cur-
rent status and practical considerations for safe 
practice. Expert Rev Anticancer Ther 11(12):1923–
1933. Epub 2011/11/26  

    Mizumoto M, Harada H, Asakura H, Hashimoto T, 
Furutani K, Hashii H et al (2011) Radiotherapy for 
patients with metastases to the spinal column: a review 
of 603 patients at Shizuoka Cancer Center Hospital. 
Int J Radiat Oncol Biol Phys 79(1):208–213  

     Moore K, Dalley A (1999) Clinically oriented anatomy, 
4th edn. Williams and Wilkins, Philadelphia, 1164 p  

    Nakamura M, Tsuji O, Fujiyoshi K, Hosogane N, 
Watanabe K, Tsuji T et al (2012) Long-term surgical 
outcomes of spinal meningiomas. Spine (Phila Pa 
1976) 37(10):E617–E623. Epub 2011/12/08  

     Nguyen J, Chow E, Zeng L, Zhang L, Culleton S, Holden 
L et al (2011) Palliative response and functional inter-
ference outcomes using the Brief Pain Inventory for 
spinal bony metastases treated with conventional 
radiotherapy. Clin Oncol (R Coll Radiol) 23(7):
485–491  

     Nieder C, Grosu AL, Andratschke NH, Molls M (2005) 
Proposal of human spinal cord reirradiation dose 
based on collection of data from 40 patients. Int J 
Radiat Oncol Biol Phys 61(3):851–855  

    Park C, Papiez L, Zhang S, Story M, Timmerman RD 
(2008) Universal survival curve and single fraction 
equivalent dose: useful tools in understanding potency 
of ablative radiotherapy. Int J Radiat Oncol Biol Phys 
70(3):847–852  

    Rodrigues GB, Waldron JN, Wong CS, Laperriere NJ (2000) 
A retrospective analysis of 52 cases of spinal cord glioma 
managed with radiation therapy. Int J Radiat Oncol Biol 
Phys 48(3):837–842. Epub 2000/10/06  

    Sahgal A, Chou D, Ames C, Ma L, Lamborn K, Huang K 
et al (2007) Image-guided robotic stereotactic body 
radiotherapy for benign spinal tumors: the university 
of california san francisco preliminary experience. 
Technol Cancer Res Treat 6(6):595–604  

    Sahgal A, Van der Kogel AJ, Wong CS (2008a) Spinal cord 
radiobiology. In: Ryu S, Gerszten P (eds) Spine radio-
surgery. Thieme Medical Publishers Inc, New York  

     Sahgal A, Larson DA, Chang EL (2008b) Stereotactic 
body radiosurgery for spinal metastases: a critical 
review. Int J Radiat Oncol Biol Phys 71(3):652–665  

    Sahgal A, Ames C, Chou D, Ma L, Huang K, Xu W et al 
(2009) Stereotactic body radiotherapy is effective sal-
vage therapy for patients with prior radiation of spinal 
metastases. Int J Radiat Oncol Biol Phys 74(3):
723–731  

     Sahgal A, Ma L, Gibbs I, Gerszten PC, Ryu S, Soltys S 
et al (2010) Spinal cord tolerance for stereotactic body 
radiotherapy. Int J Radiat Oncol Biol Phys 77(2):
548–553  

       Sahgal A, Bilsky M, Chang EL, Ma L, Yamada Y, Rhines 
LD et al (2011a) Stereotactic body radiotherapy for 
spinal metastases: current status, with a focus on its 
application in the postoperative patient. J Neurosurg 
Spine 14(2):151–166  

         Sahgal A, Wong CS, Van der Kogel AJ (2011b) Spinal 
cord. In: Shrieve D, Loeffl er JS (eds) Human radiation 
injury. Lippincott Williams & Wilkins, Philadelphia, 
pp 225–235  

    Sahgal A, Roberge D, Schellenberg D, Purdie TG, 
Swaminath A, Pantarotto J et al (2012a) The Canadian 
Association of Radiation Oncology scope of practice 
guidelines for lung, liver and spine stereotactic body 
radiotherapy. Clin Oncol (R Coll Radiol) 24(9):629–
639. Epub 2012/05/29  

      Sahgal A, Ma L, Weinberg V, Gibbs IC, Chao S, Chang 
UK et al (2012b) Reirradiation human spinal cord tol-
erance for stereotactic body radiotherapy. Int J Radiat 
Oncol Biol Phys 82(1):107–116  

      Sahgal A, Weinberg V, Ma L, Chang E, Chao S, Muacevic 
A et al (2013) Probabilities of radiation myelopathy 
specifi c to stereotactic body radiation therapy to guide 
safe practice. Int J Radiat Oncol Biol Phys 85:
341–347  

     Sansur CA, Pouratian N, Dumont AS, Schiff D, Shaffrey 
CI, Shaffrey ME (2007) Part II: spinal-cord neo-
plasms–primary tumours of the bony spine and adja-
cent soft tissues. Lancet Oncol 8(2):137–147. Epub 
2007/02/03  

    Schultheiss TE, Stephens LC, Maor MH (1988) Analysis 
of the histopathology of radiation myelopathy. Int J 
Radiat Oncol Biol Phys 14(1):27–32  

    Schultheiss TE, Kun LE, Ang KK, Stephens LC (1995) 
Radiation response of the central nervous system. Int J 
Radiat Oncol Biol Phys 31(5):1093–1112  

     Sung WS, Sung MJ, Chan JH, Manion B, Song J, Dubey 
A et al (2013) Intramedullary spinal cord metastases: a 
20-year institutional experience with a comprehensive 
literature review. World Neurosurg 79:576–584  

     Traul DE, Shaffrey ME, Schiff D (2007) Part I: spinal- 
cord neoplasms-intradural neoplasms. Lancet Oncol 
8(1):35–45. Epub 2007/01/02  

    Veeravagu A, Lieberson RE, Mener A, Chen YR, Soltys 
SG, Gibbs IC et al (2012) CyberKnife stereotactic 
radiosurgery for the treatment of intramedullary spinal 
cord metastases. J Clin Neurosci 19(9):1273–1277. 
Epub 2012/07/07  

    Waldron JN, Laperriere NJ, Jaakkimainen L, Simpson 
WJ, Payne D, Milosevic M et al (1993) Spinal cord 
ependymomas: a retrospective analysis of 59 cases. Int 

A. Sahgal et al.



59

J Radiat Oncol Biol Phys 27(2):223–229. Epub 
1993/09/30  

    Wang PY, Shen WC, Jan JS (1995) Serial MRI changes in 
radiation myelopathy. Neuroradiology 37(5):374–377  

    Wang XS, Rhines LD, Shiu AS, Yang JN, Selek U, 
Gning I et al (2012) Stereotactic body radiation 
therapy for management of spinal metastases in 
patients without spinal cord compression: a phase 
1-2 trial. Lancet Oncol 13(4):395–402. Epub 
2012/01/31  

    Weiss S, Dunne C, Hewson J, Wohl C, Wheatley M, 
Peterson AC et al (1996) Multipotent CNS stem 
cells are present in the adult mammalian spinal 
cord and ventricular neuroaxis. J Neurosci 16(23):
7599–7609  

    Wong CS, Van Dyk J, Milosevic M, Laperriere NJ (1994) 
Radiation myelopathy following single courses of 
radiotherapy and retreatment. Int J Radiat Oncol Biol 
Phys 30(3):575–581      

3 Spinal Cord Tumors



61A.-L. Grosu, C. Nieder (eds.), Target Volume Defi nition in Radiation Oncology,
DOI 10.1007/978-3-662-45934-8_4, © Springer-Verlag Berlin Heidelberg 2015

      Abbreviations 

  CN    Cranial nerve   
  CT    Computed tomography   
  CTV    Clinical target volume   
  FDG    18-Fluorodeoxyglucose   
  Fmiso    Fluoromisonidazole   
  GTV    Gross tumor volume   
  HNC    Head and neck cancer   
  IMRT    Intensity-modulated radiation therapy   
  MRI    Magnetic resonance imaging   
  OAR    Organ at risk   
  PET    Positron emission tomography   
  PTV    Planning target volume   
  RP    Retropharyngeal   
  RT    Radiotherapy   

4.1           Introduction 

 The ability of intensity-modulated radiotherapy 
(IMRT) to deliver highly conformal radiation 
doses to the treatment targets while limiting the 
dose to non-target tissues and organs at risk 
(OARs) has allowed for signifi cant improve-
ments in the therapeutic index of head and neck 
radiotherapy (RT) in recent years (Dirix and 
Nuyts  2010 ; Feng and Eisbruch  2007 ; Wu et al. 
 2000 ; Vergeer et al.  2009 ). Sparing portions of 
the parotid and submandibular glands, oral  cavity, 
mandible, and pharyngeal constrictors muscula-
ture with IMRT have produced signifi cant 
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improvements in patients’ quality of life that 
were previously unachievable with conventional 
or 3D conformal radiotherapy (Eisbruch et al. 
 2001 ,  2004b ; Lin et al.  2003 ). Achieving the 
ideal balance between target coverage and OAR 
avoidance requires both proper identifi cation of 
the targets and structures at hand as well as care-
ful consideration of dosimetric compromises 
between them in order to optimize treatment out-
comes for the patient. Inadequate target volume 
delineation poses the risk of marginal tumor 
recurrences in both the primary site and regional 
lymphatics, while failure to appropriately reduce 
dose to avoidable normal structures can result in 
undue treatment toxicity and a detrimental impact 
on patient quality of life. This decision balance is 
of particular importance in radiotherapy for head 
and neck cancer (HNC), in which interobserver 
differences in target selection and defi nition, 
rather than defi ciencies in physical target dose 
coverage or dose uncertainties due to setup errors, 
are a common source of variability in treatment 
delivery (Hong et al.  2012 ). A detailed under-
standing of the natural history and patterns of 
spread of head and neck cancer, as well as of the 
data from clinical studies of IMRT treatment out-
comes, can address many of the risk/benefi t 
issues. In this chapter, we review target delinea-
tion for the gross tumor volumes (GTVs) and 
clinical target volumes (CTVs), as well as identi-
fi cation and avoidance of critical OARs that often 
lie within or adjacent to target volumes, for the 
purposes of IMRT planning for HNC.  

4.2     Treatment 
of the Primary Tumor  

4.2.1     Delineating the Primary Gross 
Tumor Volume 

 As the GTV defi nes the known gross tumor 
which must be eradicated in order for cure, accu-
rate GTV delineation and dose delivery to the 
corresponding planning target volume (PTV) are 
the highest priority step in IMRT planning for 
HNC. This is doubly important when one considers 
the implications of a signifi cant overestimation of 

the GTV by adjacent areas of infl ammation or 
imaging artifacts, which results in inclusion of 
uninvolved normal tissue within the highest dose 
target. Imaging studies and physical examination 
form the basis for the defi nition of the primary 
tumor GTV. Contrast-enhanced computer tomog-
raphy (CT) provides the greatest imaging accu-
racy for most head and neck tumors. However, 
for GTVs near the base of the skull, magnetic 
resonance imaging (MRI) is superior to CT for 
detection of tumor involvement of the parapha-
ryngeal and retropharyngeal spaces, skull base 
foramina, cranial nerves, and bone marrow (i.e., 
of the clivus) in cases of nasopharyngeal carci-
noma, neoplasms of the paranasal sinuses, and 
esthesioneuroblastoma (Abdel Khalek Abdel 
Razek and King  2012 ; Lloyd et al.  2000 ; Ng et al. 
 1997 ; Som  1997 ). MRI with fat-saturated, 
contrast- enhanced T1-weighted images also pro-
vides superior sensitivity for detection of peri-
neural spread to the skull base in cases of locally 
advanced cutaneous squamous cell carcinoma 
and malignant salivary gland tumors, such as 
adenoid cystic carcinoma or high-grade acinic 
cell carcinoma (Gandhi et al.  2011 ; Hanna et al. 
 2007 ; Nemzek et al.  1998 ). The improved detec-
tion of tumor extension by MRI in these settings 
has been shown to improve interobserver vari-
ability in GTV defi nition, which may thereby 
minimize tumor underdosing and reduce the risk 
of marginal recurrence (Chung et al.  2004 ; Hsu 
et al.  2004 ; Som  1997 ; Emami et al.  2003 ). 

 The use of 18-fl uorodeoxyglucose (FDG) pos-
itron emission tomography (PET) for GTV defi -
nition has been extensively investigated in recent 
years (Ahn and Garg  2008 ; Zaidi et al.  2009 ). 
A number of studies have reported that the use of 
PET in addition to CT in target delineation results 
in smaller GTVs, reduces interobserver variabil-
ity in GTV defi nition, and produces GTVs that 
correlate more closely with pathological fi ndings 
(Ashamalla et al.  2007 ; Daisne et al.  2004 ; Geets 
et al.  2006 ; Guido et al.  2009 ; Murakami et al. 
 2008 ). Others, however, have shown contrary 
fi ndings, such as larger GTVs when based upon 
PET imaging, and worse interobserver correla-
tion between PET-based GTVs compared to 
those from CT and underestimation of the 
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 mucosal tumor extension by PET when com-
pared with a surgical pathology gold standard 
(Burri et al.  2008 ; Daisne et al.  2004 ; Riegel et al. 
 2006 ; Paulino et al.  2005 ). While some of these 
confl icting fi ndings may be attributed to the 
impact of variable standardized update value 
threshold levels on tumor defi nition, the larger 
glaring defi ciency in many studies is the lack of 
physical examination information to aid the 
observer in defi ning mucosal tumor extension 
(Burri et al.  2008 ; Daisne et al.  2004 ; Greco et al. 
 2008 ; Thiagarajan et al.  2012 ). Daisne et al., for 
example, demonstrated that while GTVs delin-
eated with PET were smaller than those delin-
eated with CT or MRI, the GTVs from all three 
imaging modalities are signifi cantly overesti-
mated than the actual pathological tumor size in 
nine larynx cancer patients who underwent total 
laryngectomy (Daisne et al.  2004 ). More impor-
tantly, despite the overestimation of the total 
tumor volume, each imaging modality actually 
underestimated superfi cial mucosal disease 
extension into the contralateral larynx, subglottis, 
and extralaryngeal tissues, with 10, 9, and 13 % 
of gross tumor identifi ed in the pathological 
specimen not included in the GTVs delineated 
from CT, MRI, and PET, respectively. Similar 
fi ndings on the failure of CT, MRI, and PET to 
adequately identify superfi cial mucosal exten-
sion in oropharyngeal cancer were demonstrated 
by investigators from Memorial Sloan Kettering 
Cancer Center (Thiagarajan et al.  2012 ). GTVs 
delineated from PET/CT versus the combination 
of MRI and CT showed poor correlation to one 
another and to reference GTVs defi ned by the 
treating physician with knowledge of both the 
physical exam and all of the imaging studies. As 
in the study by Daisne, mucosal disease was 
often underestimated in GTVs delineated based 
solely upon imaging study fi ndings, highlighting 
the limits in spatial resolution of current imaging 
modalities underscoring the indispensable and 
essential role of clinical examination for accurate 
target defi nition in HNC. 

 The subsites of the oropharynx provide 
instructive examples of some of the advantages 
of physical examination over imaging in most 
accurately delineating the extent of tumor 

involvement. In the base of tongue cancer, muco-
sal extension can easily be appreciated by palpa-
tion, whereas uncertainties on CT and nonspecifi c, 
physiologic FDG-PET uptake in the non-involved 
base of the tongue may hamper the extent to 
which these imaging studies can supply the infor-
mation necessary for accurate tumor delineation 
in treatment planning. Similarly, in locally 
advanced tonsillar cancer, the presence and extent 
of palate involvement, whether to the lateral pal-
ate or more extensively toward the midline, is 
more accurately assessed by careful visual 
inspection and manual palpation than by any 
imaging modality. Palpation of the glossotonsil-
lar sulcus can similarly reveal tonsillar tumor 
extension into the lateral base of the tongue more 
readily than imaging studies. Determining such 
tumor extension into adjacent at-risk subsites 
within the oropharynx is crucial to avoiding both 
GTV overestimation, which may produce excess 
treatment-related toxicity due to delivery of 
unnecessary dose to the oral cavity, and underes-
timation, which increases the risk for local treat-
ment failure. Thus, incorporation of information 
gleaned from the physical examination in addi-
tion to that from imaging studies, whether 
contrast- enhanced CT, PET/CT, or MRI, is likely 
to provide the most consistent and accurate GTV 
defi nition in clinical practice. 

 In addition to the lack of spatial resolution that 
limits the ability of PET/CT to detect superfi cial 
tumor extension which may be readily apprecia-
ble on physical exam, the mismatch between 
PET-delineated GTVs and the true extent of the 
tumor is also affected by the specifi c methods 
used for PET image reconstruction algorithm, 
display windowing, image segmentation, and 
choice of SUV threshold levels for differentiating 
tumor from normal tissues (Burri et al.  2008 ; 
Ford et al.  2006 ; Greco et al.  2008 ; Schinagl et al. 
 2007 ). These limitations notwithstanding investi-
gators have validated objective, reproducible, 
user-independent methods for automatic segmen-
tation of PET images, which may be preferable to 
subjective techniques in order to standardize 
functional target volume defi nition (Daisne et al. 
 2004 ; Geets et al.  2007a ; Lee  2010 ). Even with 
optimized PET segmentation methods, however, 
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the best approach by which to integrate func-
tional and anatomic imaging remains an area of 
ongoing debate. At the University of Michigan, 
we favor a strategy that combines the anatomic 
fi ndings from clinical examination, CT, and MRI 
with the PET-defi ned tumor to yield a composite 
GTV. While this approach may result in larger 
GTVs than one that uses FDG-PET automatic 
segmentation alone to defi ne the GTV, it likely 
reduces the risk of marginal misses, as supported 
by studies demonstrating that local recurrences 
outside the PET-defi ned GTV but within the 
CT-defi ned GTV do infrequently occur (Madani 
et al.  2007 ; Soto et al.  2008 ). Furthermore, 
whether the use of smaller PET-defi ned GTVs 
will translate into reduced toxicity remains highly 
uncertain, given that the dosimetric differences 
between such treatment plans are likely to be 
small after considering the signifi cant impact of 
prophylactic nodal target irradiation on doses 
received by non-target OARs such as the salivary 
glands and pharyngeal constrictors (Geets et al. 
 2007b ;  Gregoire et al. 2012 ). Irrespective of 
whether FDG-PET is used to defi ne the GTV, 
incorporation of physical exam fi ndings into 
imaging-based GTV defi nition is an essential 
step in determining the fi nal composite GTV. By 
expanding the GTV by a small margin, typically 
0.5 cm, one will ensure that a very high concen-
tration of tumor cells will receive the full pre-
scribed dose aimed at the gross disease. 

 The use of IMRT instead of 3D conformal RT 
has the potential for delivery of nonuniform 
doses to the GTVs (Boyer et al.  1997 ). With care-
ful treatment planning and quality assurance, 
GTV inhomogeneities can be manipulated to 
deliberately deliver higher “boost” doses to sub- 
volumes of the gross tumor in an effort to improve 
tumor control, while achieving steeper dose gra-
dients outside the tumor to more effectively spare 
neighboring tissue (Vineberg et al.  2002 ). Tome 
and Fowler postulated that tumor control proba-
bility could be signifi cantly improved if a boost 
could be delivered to a substantial portion of the 
GTV (60–80 %) with a boost dose ratio of 1.2:1.3 
(Tome and Fowler  2000 ). It must be emphasized 
that the tolerability of dose escalation in HNC 
hinges on selective escalation of dose to only a 

portion of the GTV, as demonstrated by investi-
gators at the Medical College of Virginia who 
determined the maximum tolerable dose to the 
entire GTV to be 70.8 Gray (Gy) in 30 fractions, 
due to severe acute mucosal toxicity encountered 
at the next dose level of 73.8 Gy (Lauve et al. 
 2004 ). The therapeutic ratio of a partial tumor 
boost may be even further maximized if radiore-
sistant sub-volumes of the GTV at highest risk of 
recurrence can be identifi ed and focally targeted. 
“Dose painting,” as this approach has been 
termed, has thus far been investigated most 
extensively in HNC cancer, using FDG-PET or 
hypoxia imaging to identify suspected radioresis-
tant sub-volumes for focal boosting (Ling et al. 
 2000 ). One phase I dose escalation study at Ghent 
University Hospital which boosted FDG-PET 
active sub-volumes of the anatomic CT-based 
GTV found that 44 % of locoregional relapses 
occurred within the boosted sub-volume, attest-
ing to both the validity of the underlying hypoth-
esis that these tumor sub-volumes are indeed 
radioresistant and the limitations of additional 
RT to overcome this resistance (Madani et al. 
 2007 ). The choice of SUV threshold to guide 
selection of sub-volumes for boosting remains an 
area of ongoing investigation and has been 
addressed by some groups using a “dose painting 
by numbers” IMRT approach, which uses inverse 
planning to deliver RT doses proportional to the 
voxel SUV intensity within metabolically active 
tumor (Bentzen  2005 ; Geets et al.  2007b ). This 
strategy has also been employed in an adaptive 
manner by the Ghent group to deliver higher RT 
doses to presumed radioresistant regions of tumor 
that remained metabolically active on FDG-PET 
after part of the treatment course has been deliv-
ered (Duprez et al.  2011 ). Preliminary results 
demonstrating feasibility and acceptable toxicity 
at the lower dose level of 80.9 Gy in 32 fractions. 
At the higher dose level of 85.9 Gy, however, 
36 % of patients experienced late mucosal ulcer-
ation, highlighting the need for careful sparing of 
uninvolved mucosa in any dose escalation effort 
in HNC (Madani et al.  2011 ). 

 Similar to FDG-PET, hypoxia imaging has 
been proposed as a method to identify radioresis-
tant tumor sub-volumes that may serve as rationale 
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targets for dose escalation (Hendrickson et al. 
 2011 ; Rajendran et al.  2006 ; Rischin et al.  2006 ) 
While fl uorine-18-labeled fl uoromisonidazole 
(Fmiso) PET has been the most commonly used 
hypoxia imaging modality in studies that have 
demonstrated correlations between tumor 
hypoxia and prognosis, the lack of temporal and 
spatial stability of Fmiso-PET both prior to and 
during therapy poses a major obstacle to the use 
of hypoxia imaging use for identifi cation of 
tumor sub-volumes for boosting with IMRT (Lin 
et al.  2008 ; Nehmeh et al.  2008 ; Thorwarth et al. 
 2007 ). Tumor hypoperfusion, on the other hand, 
is a surrogate measure of hypoxia that is both 
temporally and spatially stable on dynamic 
contrast- enhanced CT and MRI and has been 
shown to correlate with treatment outcome (Cao 
et al.  2008 ; Chawla et al.  2011 ; Shukla-Dave 
et al.  2012 ). Importantly, persistent hypoperfu-
sion with tumor sub-volumes after initiation of 
chemoradiation appears to predict the sites of 
local failure, suggesting these sub-volumes as 
feasible targets for adaptive dose escalation dur-
ing therapy (Cao et al.  2008 ; Wang et al.  2012a ). 
Efforts are underway to determine whether adap-
tively boosting hypoperfused sub-volumes can 
yield an important breakthrough in overcoming 
tumor radioresistance in HNC.  

4.2.2      Delineating the Clinical Target 
Volume Around the Primary 
GTV 

 Defi ning the primary tumor CTV for subclinical 
target doses coverage is an area that has been 
largely unexplored in the literature. Proposed 
general guidelines for major head and neck sites 
emphasize that the primary tumor CTV should 
encompass those tissues at risk for harboring 
microscopic disease, as determined by the com-
mon pathways of spread of primary tumor into 
and along the surrounding anatomic compart-
ments (Eisbruch et al.  2002 ). Lesions of the ton-
sillar fossa, for example, may spread anteriorly to 
involve the glossotonsillar sulcus and base of the 
tongue; superiorly to the soft palate, nasophar-
ynx, and base of the skull; laterally through the 

pharyngeal constrictor to invade the parapharyn-
geal space; inferiorly to the lateral pharyngeal 
wall and supraglottic larynx; and posteriorly to 
the posterior pharyngeal wall. While clearly not 
all of these at-risk sites need to be included in the 
primary CTV for every early tonsil carcinoma, 
detailed attention to involvement of points of 
access to adjacent anatomical sites by the pri-
mary tumor on clinical examination and imaging 
is crucial to determining adequate CTV coverage 
in order to prevent marginal recurrence. 
Additionally, measures of tumor aggressiveness 
such as size, stage, differentiation, and morphol-
ogy (ulcerative or exophytic, infi ltrative or push-
ing front) are used to determine how much tissue 
beyond the GTV is appropriate for inclusion in 
the CTV. The attention to these details is particu-
larly important when using IMRT, in which steep 
dose gradients created greater susceptibility to 
marginal misses when using 3D conformal radio-
therapy. Additionally, knowledge of the barriers 
to spread of tumor, such as the vertebral bodies, 
mandibular cortex, and muscular fascia, and 
avoiding inclusion of tissues beyond these barri-
ers in the primary CTV is essential in order to 
limit excess toxicity from treatment of those tis-
sues at risk for microscopic tumor involvement. 

 Guidelines for delineating the primary tumor 
CTV as previously detailed for specifi c sites are 
summarized below (Eisbruch et al.  2002 ). The 
CTV for tumors involving more than one primary 
site or subsite should include the structures at risk 
for each involved site. 

4.2.2.1     Oral Cavity 
•      Floor of the Mouth : The laterality of the pri-

mary tumor determines the extent of CTV 
across midline. However, the bilateral genio-
glossus and geniohyoid muscles should be 
included in all cases, whereas the sublingual 
and submandibular glands should be included 
ipsilaterally for well-lateralized tumors and 
bilaterally for midline tumors. The adjacent 
alveolar ridge, mandible, and root of the 
tongue should additionally be included.  

•    Oral Tongue : Generous portion of the intrinsic 
and extrinsic muscles of the oral tongue, base 
of the tongue, fl oor of the mouth, ipsilateral 
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glossotonsillar sulcus, and ipsilateral anterior 
tonsillar pillar should be included in the CTV.  

•    Buccal Mucosa : A generous CTV should be 
delineated due to the lack of anatomical barri-
ers to submucosal tumor spread, extending to 
include the maxillary gingival-buccal sulcus 
and infratemporal fossa superiorly, the man-
dibular gingival-buccal sulcus and subman-
dibular gland inferiorly, immediately lateral to 
the labial commissure anteriorly, and the ret-
romolar trigone posteriorly.     

4.2.2.2     Oropharynx 
•      Tonsillar Cancer : The adjacent buccal mucosa 

laterally, soft palate medially, and glossoton-
sillar sulcus/base of the tongue anteriorly are 
included in the CTV in all cases. For advanced 
cases, the CTV should also include the ipsilat-
eral parapharyngeal space, pterygoid muscu-
lature, and inferior portion of the nasopharynx. 
In cases of posterior tonsillar pillar involve-
ment, the pharyngoepiglottic fold and adja-
cent portions of the posterior pharyngeal wall 
are included.  

•    Base of the Tongue : The CTV should include 
the entire base of the tongue, vallecula, and 
signifi cant portions of the adjacent oral tongue 
(at least 2 cm beyond the GTV). In cases of 
involvement of the vallecula, the suprahyoid 
epiglottic larynx and pre-epiglottic fat space 
should additionally be included.  

•    Soft Palate : The entire soft palate, adjacent 
superior tonsillar pillars and fossas, and the 
pterygopalatine fossa should be included in 
the CTV. For advanced primary tumors, the 
CTV should additionally include the adjacent 
nasopharynx and pterygoid musculature. For 
advanced cases, a skull base protocol MRI 
including fat-saturated contrast-enhanced 
T1-weighted sequences should be obtained to 
evaluate for involvement of the pterygopala-
tine fossa and skull base foramina. If the pter-
ygopalatine fossa is involved, both the skull 
base and ipsilateral sphenoid sinus should be 
included in the CTV. For minor salivary gland 
cancers of the soft palate with perineural inva-
sion (i.e., adenoid cystic carcinoma, high- 
grade acinic cell carcinoma), the CTV should 

include the course of the greater palatine nerve 
and more proximal maxillary branch of the tri-
geminal nerve (V2) to the Gasserian (aka tri-
geminal, semilunar) ganglion in Meckel’s 
cave within the cavernous sinus.  

•    Pharyngeal Wall : The lymphatic channels 
within the submucosa of the pharyngeal wall 
provide a conduit for longitudinal spread and 
skip lesions. The CTV therefore should 
include the posterior pharyngeal wall extend-
ing superiorly through the nasopharynx and 
inferiorly through the hypopharynx, as well as 
the parapharyngeal space laterally.     

4.2.2.3     Larynx 
 The CTV for advanced cancers of the supraglot-
tic, glottic, and subglottic larynx should include 
the entire larynx (including all three of these sub-
sites), the vallecula, pre-epiglottic space, para-
glottic spaces, entire thyroid cartilage, and 
pyriform sinus. For the paraglottic space and 
pyriform sinus, the decision to include the struc-
ture ipsilaterally or bilaterally is based upon lat-
erality and extension of the primary tumor.  

4.2.2.4     Hypopharynx 
 As in the posterior pharyngeal wall in the oro-
pharynx, longitudinal submucosal spread and 
skip lesions are common, thus necessitating gen-
erous extension of the CTV to include the 
 pharyngeal wall and parapharyngeal space supe-
riorly through the nasopharynx and inferiorly to 
2 cm below the cricoid cartilage. For pyriform 
sinus and lateral pharyngeal wall cancers, the 
ipsilateral hemilarynx is additionally included in 
the CTV. The ipsilateral lobe of the thyroid lobe 
is also included in the CTV for pyriform sinus 
cancers with involvement of the apex or lateral 
extension.  

4.2.2.5     Paranasal Sinuses 
 The CTV is dependent on the involved sinus and 
tumor extent, which is best characterized on 
MRI. For maxillary sinus tumors, the CTV 
includes portions of the ipsilateral palate, alveo-
lar ridge, nasal cavity, nasopharynx, and medial 
orbit. For ethmoid sinus cancers, the medial orbit, 
cribriform plate, and a rim of frontal lobe are 
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included. The CTV for both ethmoid and maxil-
lary sinus cancers also includes the pterygopala-
tine fossa and infratemporal fossa, which are 
frequently at risk for subclinical disease. Superior 
lesions require extension of the CTV to include 
the sphenoid sinus and foramen rotundum to 
cover potential involvement of V2. If MRI sug-
gests V2 involvement, the CTV should be 
extended to include Meckel’s cave within the 
cavernous sinus. Lesions of the upper nasal cav-
ity also require inclusion of the cribriform plate 
and a rim of the frontal lobe in the CTV. For cases 
with intracranial extension, the anterior cranial 
fossa is also included.  

4.2.2.6     Nasopharynx 
 The CTV should encompass the base of the skull, 
pterygoid plates, pterygopalatine fossa, and supe-
rior parapharyngeal space extending laterally to 
include the pterygoid muscles and deep lobe of 
the parotid gland. The pterygoid muscles can be 
excluded only in very small primary tumors. 
Specifi c skull base structures that should be 
included superiorly include the foramen ovale, 
foramen spinosum, carotid canal, sphenoid sinus, 
and cavernous sinus. Inferiorly, the CTV should 
include the parapharyngeal space to approxi-
mately the level of the mid-tonsil. The retropha-
ryngeal space is outlined as a part of the nodal 
CTV to cover the retropharyngeal lymph nodes 
to the level of the hyoid bone, as discussed below. 
Anteriorly, the CTV includes the posterior third 
of the maxillary sinuses, the posterior ethmoid 
sinuses, and the posterior third of the nasal cav-
ity. Posteriorly the clivus should be included, as 
subclinical involvement is common. MRI is man-
datory for the assessment of the skull base and 
parapharyngeal tumor extension. If the base of 
the skull involvement is evident, then the hypoph-
ysis, optic nerves, and chiasm may be included in 
the CTV, with dose to these structures limited to 
45–55 Gy (at daily fraction size <2 Gy).  

4.2.2.7     Major Salivary Glands 
 For patients with malignant tumors of the parotid 
and submandibular glands with a propensity for 
perineural involvement, such as adenoid cystic 
carcinoma, high-grade acinic cell carcinoma, 

 carcinoma ex-pleomorphic adenoma, and salivary 
duct carcinoma, fat-saturated contrast-enhanced 
T1-weighted MRI is essential to establish whether 
radiographic perineural spread is present prior to 
defi nitive therapy. Sensory or motor disturbances 
in the distribution of the cranial nerve (CN) at risk 
are additionally highly suggestive of clinical peri-
neural spread, which should prompt inclusion of 
appropriate CN coverage irrespective of MRI 
fi ndings. For cancers of the submandibular gland, 
the mandibular branch of the trigeminal nerve 
(V3), marginal mandibular branch of the facial 
nerve (CN VII), and hypoglossal nerve (CN XII) 
may all be at risk, and evidence of involvement of 
these nerves necessitates inclusion of the course 
of each nerve in the CTV to the skull base at the 
foramen ovale, stylomastoid foramen, or hypo-
glossal canal, respectively. If the named nerve is 
grossly involved, the CTV should include the 
course of the nerve all the way to its ganglion 
(Garden et al.  1994 ). For tumors of the parotid 
gland with a propensity for perineural invasion, 
the facial nerve is at risk, and thus the CTV should 
cover the path of the nerve to the stylomastoid 
foramen superiorly. If CN VII is grossly involved, 
the CTV should additionally include the portion 
of the nerve traversing the mastoid air cells poste-
rior to the external acoustic meatus, the cochlea, 
and the internal auditory meatus. Although sali-
vary gland tumors are  managed with surgical 
resection as the primary therapeutic modality 
where possible, these guidelines also apply to 
CTV delineation in the postoperative setting for 
patients with tumors that are high grade, T3 or T4, 
recurrent, resected incompletely or with close 
margins, have perineural or gross nerve invasion, 
or have lymph node metastases (Chen et al.  2007a ,  c ; 
Terhaard et al.  2005 ).    

4.3     Treatment of the Neck 

4.3.1     Delineating the Gross Tumor 
Volumes in the Neck 

 Understanding the regional lymphatics at risk in 
the neck depends on an accurate evaluation of 
disease involvement of both the primary site and 
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the regional lymphatics. As described in the 
detail above, the extent of the primary GTV 
should precisely be defi ned by a combination of 
physical examination (including visual inspec-
tion, manual palpation, and indirect mirror and 
fi beroptic exam), the surgeon’s report of direct 
endoscopy under anesthesia, and the relevant 
imaging studies, including contrast-enhanced CT 
and, where appropriate, FDG-PET and/or 
MRI. While MRI is not typically necessary to 
assist in defi nition of primary tumors in the oro-
pharynx, larynx, and hypopharynx, it is an essen-
tial adjunct to CT in tumors near the skull base 
such as paranasal sinus and nasopharynx cancers, 
for which MRI is superior for identifying tumor 
extension into the parapharyngeal and retropha-
ryngeal spaces, skull base foramina, cranial 
nerves, and bone marrow (i.e., of the clivus) 
(Abdel Khalek Abdel Razek and King  2012 ; Ng 
et al.  1997 ; Som  1997 ). While PET/CT may aid 
in primary tumor target defi nition when added to 
CT and MRI, as previously discussed, this modal-
ity is of particular benefi t in detecting regional 
lymph node involvement in non-enlarged or 
borderline- enlarged lymph nodes (Schechter 
et al.  2001 ). The impact of this nodal upstaging 
compared to CT is signifi cant, as the node thought 
previously to be uninvolved will now receive 
gross tumor dose rather than a subclinical dose, 
while the dose to the next echelon lymphatic 
drainage levels will be accordingly increased 
from a low-risk to a high-risk subclinical dose. In 
more extreme cases, lymphatic levels that may 
not have been deemed to be at risk for subclinical 
disease based on CT fi ndings would be included 
as a low-risk CTV if nodal involvement is 
detected on PET/CT (i.e., inclusion of level VI in 
the case of level IV involvement). Additionally, 
PET/CT may be useful in the detection of the pri-
mary site in cases of head and neck carcinoma of 
unknown primary, as well as for diagnosing dis-
tant metastatic disease, with signifi cant resultant 
changes in the treatment plan (Chen et al.  2012 ). 

 Based on the experience of imaging sciences 
and radiation oncology practice, our institution 
has developed some broad policies regarding the 
defi nition of the lymph node GTVs. PET/CT is 
utilized as an adjunctive study to contrast- 

enhanced CT simulation scan, and lymph nodes 
are included in the GTV if they have any of the 
radiologic criteria shown in Table  4.1 . For nodal 
disease with radiographic extracapsular exten-
sion in the muscle, an additional margin of at 
least 1 cm into the involved muscle should be 
added to the GTV to account for gross disease 
that may be poorly visualized radiographically.

4.3.2          Defi ning the Nodal Levels 
at Risk in the Neck 

 Much as the CTV surrounding the primary tumor 
encompasses tissue deemed to be at risk for 
microscopic tumor extension, the CTVs in the 
neck consist of the lymph node levels containing 
nodes not meeting radiologic criteria for gross 
involvement that are nonetheless at risk for 
microscopic involvement. The bulk of modern 
knowledge on the pattern of lymphatic drainage 
from each head and neck site is based upon the 
classic anatomical work by Rouvière, the descrip-
tive report by Lindberg on the prevalence and dis-
tribution of clinical neck metastases at 
presentation, and reports on the incidence and 
distribution of microscopic pathological lymph 
node involvement at elective neck dissection by 
Byers et al., Candela et al., and others (Mukherji 
et al.  2001 ; Rouvière  1938 ; Candela et al.  1990 ; 
Lindberg  1972 ; Byers et al.  1988 ). Taken 
together, this body of literature demonstrates that 
squamous cell carcinomas of the upper aerodi-
gestive tract tend to metastasize to the neck in 
predictable patterns, with the distribution and 
likelihood of involvement governed by the 

   Table 4.1    Lymph nodes are included in the GTV if they 
meet any of the radiologic criteria   

 1.  Diameter >1 cm (or in the case of the jugulodigastric 
nodes, >1.5 cm) 

 2.  Smaller than 1 cm with spherical rather than 
ellipsoidal (or “kidney-bean”) shape 

 3.  Contain inhomogeneities suggestive of necrotic 
centers 

 4.  Cluster of three or more borderline nodes (Castelijns 
and van den Brekel  2002 ; van den Brekel et al.  1996 ) 

 5. FDG-PET positive 
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 density and drainage of the lymphatics at each 
mucosal site, and with increasing risk at each 
nodal level if the adjoining proximal level is 
involved. 

 An anatomical reference standard for classify-
ing neck lymph node regions was devised by sur-
geons from the Memorial Sloan Kettering 
Hospital and revised by Robbins et al. and 
Robbins (Robbins  1998 ; Robbins et al.  1991 ; 
Shah et al.  1981 ) (Fig.  4.1 ). This classifi cation 
defi ned six neck levels with three sublevel divi-
sions, each with discrete anatomical boundaries 
that can be readily identifi ed during neck dissec-
tion to facilitate standardized reporting of the 
locations of nodal involvement and the extent of 
surgical therapy in the neck. A corresponding 
nodal level classifi cation system based upon 
landmarks readily identifi able on axial imaging 
was subsequently proposed by Som et al. ( 1999 ). 
The application of this classifi cation system 
toward CTV delineation in the neck has been 
extensively described and has been integrated 
into multinational cooperative group consensus 
panel guidelines, summarized in Table  4.2  
(Gregoire et al.  2000 ;  Gregoire and Levendag ; 
Nowak et al.  1999 ; Wijers et al.  1999 ) and 

 available online at   http://www.rtog.org/corelab/
contouringatlases/hn.aspx    . Gregoire et al. 
recently published an extensive review of the lit-
erature on the risk of metastases to each neck 
level, with accompanying elective nodal cover-
age recommendations by primary tumor site 
(Gregoire et al.  2000 ). Eisbruch et al. have simi-
larly proposed more detailed guidelines for target 
selection in the neck (Eisbruch et al.  2002 ). These 
publications and the DAHANCA, EORTC, 
GORTEC, NCIC, and RTOG consensus panel 
contouring guidelines and atlas are highly recom-
mended for the reader before embarking upon 
three- dimensional conformal radiation therapy or 
IMRT for the treatment of head and neck cancer. 

   In determining whether to include a specifi c 
nodal level in the CTV, we typically consider that 
a 10 % or higher risk of metastatic involvement 
warrants elective treatment, whereas a less than 
10 % risk of microscopic involvement may be 
inadequate to justify the risk of complications 
from prophylactic RT. The factors that dictate 
this risk for each nodal level vary from case to 
case and depend on primary tumor site, tumor 
stage, tumor size, thickness or depth of invasion 
(i.e., 3 mm or more is associated with a high met-
astatic risk for oral cavity tumors), tumor grade/
differentiation, keratinization status, lymphatic 
vessel invasion in the tumor specimen, and the 
presence, distribution, and extent of nodal 
involvement (Eisbruch et al.  2002 ). For tumors of 
the major or minor salivary glands, high-grade or 
large tumors harbor a signifi cant risk of subclini-
cal nodal involvement warranting prophylactic 
ipsilateral nodal coverage (or bilateral coverage 
for soft palate tumors), with the notable excep-
tion of adenoid cystic carcinoma and acinic cell 
carcinoma, which infrequently spread to lymph 
nodes (Armstrong et al.  1992 ; Chen et al.  2007b ).  

4.3.3      Specifi c Clinical Target 
Volumes in the Neck 

 In selecting the CTVs for head and neck cancer 
IMRT, the following nodal levels should be 
included where appropriate, as described. While 
these general concepts are broadly useful,  specifi c 

  Fig. 4.1    Neck node levels.  1  Posterior belly of the digas-
tric muscle;  2  accessory nerve;  3  jugular vein;  asterisk  
jugulodigastric nodes: where jugular vein bisects the pos-
terior belly of the digastric muscle (just below the trans-
verse process of C1)       
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approaches for individual tumor sites have been 
previously described elsewhere in detail 
(Eisbruch et al.  2002 ; Million  1994 ). 

4.3.3.1     Level II Nodes 
 Level II is the most frequent nodal metastatic site 
for tumors in all mucosal sites. This level can be 
subdivided into the internal jugular (IIA) and spinal 
accessory (IIB) subdivisions. In the surgical classi-
fi cation system, the spinal accessory nerve serves as 
the division between these levels, with level IIA 
lying anteriorly and IIB posteriorly (Fig.  4.1 ) 
(Robbins  1998 ). Due to the diffi culty in discerning 
the division between these levels on axial imaging, 
however, the adapted radiographic classifi cation 
instead defi ned these nodes relative to the posterior 
border of the internal jugular vein, which can be 
readily visualized on a simulation CT scan (Som 
et al.  1999 ). By this widely adopted system, level 
IIA includes those nodes located anteriorly, later-
ally, or medially to the internal jugular vein as well 
as those located posteriorly without a fat plane sepa-
rating them from the jugular vein; level IIB nodes 
lie posterior to jugular vein with an intervening fat 
plane, thus approximating a location posterior to the 
spinal accessory nerve. The important specifi c 
nodal stations within level II include the subdigas-
tric (jugulodigastric) node, which is located within 
level IIA immediately inferior to the crossing of the 
posterior belly of the digastric muscle past the inter-
nal jugular vein, and the more cranially located 
“junctional” node, aptly named for its location 
within level IIB at the superior junction of the jugu-
lar nodal chain (level II) and spinal accessory nodal 
chain (level V) (Rouvière  1938 ). The subdigastric 
node is the most commonly involved node for both 
ipsilateral and contralateral nodal metastases from 
primary tumors of the oropharynx, supraglottic lar-
ynx, and hypopharynx, while the more cephalad 
junctional node is the fi rst echelon node for the 
nasopharynx and parotid gland, which is commonly 
involved in cases of nasopharyngeal cancer and is at 
risk in the case of coexistent metastases to levels II, 
III, or VA (Million  1994 ). Therefore, the ipsilateral 
subdigastric node and level IIA below the  transverse 
process of C1 should be included in the CTV for all 

N0 patients with cancers arising in most head and 
neck mucosal sites receiving defi nitive radiotherapy 
(with or without chemotherapy), with the notable 
exception of early stage, node-negative squamous 
cell carcinomas of the glottic larynx (i.e., T1–2N0). 
Ipsilateral level IIA superior to the C1 transverse 
process and level IIB, meanwhile, are included in 
the CTV in all patients with nasopharynx primary 
cancers, irrespective of nodal involvement, and in 
those patients with other primary sites with nodal 
metastases in the ipsilateral level II. Contralateral 
level IIA below the C1 transverse process should be 
included in the elective CTV in all cases of mucosal 
squamous cell carcinomas originating in sites with 
bilateral lymphatic drainage (i.e., base of the tongue, 
soft palate, nasopharynx, supraglottic larynx, hypo-
pharynx) or in any case of N2a or greater nodal 
involvement with any primary mucosal tumor site 
(Fig.  4.2 ). In contrast, contralateral level IIA supe-
rior to the C1 transverse process and level IIB can 
be safely excluded from the CTV in non-nasopha-
ryngeal cancer patients without involvement of the 
adjacent level II, thus allowing for sparing of the 
majority of the contralateral parotid gland and a sig-
nifi cant preservation of salivary function (Eisbruch 
et al.  2001 ; Beetz et al.  2012 ) (Fig.  4.3 ).    

4.3.3.2     Level III 
 Level III is included in the CTV when there is a 
risk of subclinical disease or if level II on the 
same side of the neck is grossly involved. 
Designation of level III as a high-risk or low-risk 
CTV is dependent on whether lymph nodes in this 
level are grossly involved (as described below).  

4.3.3.3     Level IB Nodes 
 Level IB is treated in all cases with a signifi cant 
clinical involvement of ipsilateral level II (e.g., 
oropharyngeal cancer with nodal involvement 
of level II of >N1) and in primary tumors that 
drain directly to level IB (i.e., oral tongue, fl oor 
of the mouth, anterior tonsillar pillar, retromolar 
trigone, buccal mucosa), irrespective of clinical 
nodal involvement (Figs.  4.3  and  4.4 ). Level IB 
should additionally be included for oropharyngeal 
cancers of the tonsil or base of the tongue with a 
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signifi cant anterior extension to the anterior ton-
sillar pillar or oral tongue, respectively. For well-
lateralized primary tumors (i.e., buccal mucosa, 
retromolar trigone), only the ipsilateral side can 
be treated, whereas more midline tumors (i.e., 
fl oor of the mouth) or those with bilateral lym-
phatic drainage (i.e., oral tongue for both level IB) 
require bilateral coverage. Exclusion of level IB 
from the CTV in cases lacking the above risk fac-
tors facilitates partial sparing of the submandibu-
lar gland, preserving non-stimulated, mucin-rich 
submandibular salivary fl ow and thereby reduc-
ing  xerostomia (Eisbruch et al.  2001 ; Little et al. 
 2012 ; Murdoch-Kinch et al.  2008 ).   

4.3.3.4     Level IV Nodes 
 Level IV is treated in all cases of either ipsilateral 
level II or III involvement and in primary sites 
that drain directly to level IV, regardless of addi-
tional nodal involvement (i.e., tip of the oral 
tongue, supraglottic larynx, hypopharynx). As is 
the case for level IB above, midline tumors and 
those with bilateral lymphatic drainage (i.e., oral 
tongue, posterior pharyngeal wall) require bilat-
eral level IV coverage.  

4.3.3.5    Level V Nodes 
 Inclusion of level V in the CTV is advised in all 
cases of a signifi cant (>N1) involvement of levels 
II–IV on the same side of the neck (Fig.  4.4 ) as 
well as in primary tumors of the nasopharynx, 
which drains directly to level V.  

  Fig. 4.2    Axial contrast-enhanced CT image of a patient 
with a right tonsillar T1 N2a M0 squamous cell carcinoma 
with involvement of the ipsilateral subdigastric node 
(level  IIA ). The PTV surrounding the gross primary and 
nodal disease is displayed in  blue . At this level below the 
transverse process of C1, the bilateral level  IIA  and  IIB  
(II) and the RP nodes are included in the subclinical PTV 
bilaterally ( yellow ). As demonstrated, right level IB 
located ipsilateral to the involved node and primary tumor 
is included in the subclinical PTV ( yellow ), while the con-
tralateral left level IB is excluded ( white asterisk ). 
Important organs at risk contoured at this level include the 
tail of the parotid glands ( P , white contour) and superior 
pharyngeal constrictor muscle ( PC ,  violet )       

  Fig. 4.3    Axial CT image C1 in the same patient as 
Fig.  4.2  (right tonsillar T1 N2a M0 squamous cell carci-
noma). The primary tumor PTV in displayed in  blue . At 
this axial level near the base of the skull  superior  to the 
transverse process of C1, left level  II  ( star ) in the unin-
volved contralateral neck is excluded, while right level II 
( II ) and the bilateral RP nodes ( RP ) are included in the 
subclinical PTV ( yellow ). The parotid glands ( P ,  white 
contour ) and superior pharyngeal constrictor muscle ( PC , 
 violet ) are among the important structures to delineate for 
avoidance       
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4.3.3.6    Retropharyngeal Nodes 
 The risk of RP involvement relates strongly to the 
primary tumor site and to the extent of jugular 
chain nodal involvement (McLaughlin et al. 
 1995 ). As such, the lateral retropharyngeal (RP) 
nodes are treated  bilaterally  in all cases of naso-
pharyngeal cancer, tumors that involve the poste-
rior pharyngeal wall, and oropharyngeal and 
hypopharyngeal cancers with clinical involve-
ment of levels II–IV (Figs.  4.2  and  4.3 ). At pres-
ent, our policy is to limit the coverage of the 
lateral RP nodes to the ipsilateral side only in 
cases of early lateralized oropharyngeal tumors 
with N0 or small-volume N1 disease. Recent pre-
liminary evidence, however, suggests that the 
contralateral RP nodes may be safely excluded 
from the CTV in oropharyngeal cancers without 
contralateral jugular chain involvement, which if 
supported by more mature and conclusive evi-
dence will provide a strong rationale for limiting 
treatment to only the ipsilateral RP nodes in this 

circumstance as well (Spencer et al.  2012 ). The 
medial RP nodes are included only in tumors that 
involve the posterior pharyngeal wall.  

4.3.3.7    Level VI Nodes 
 Level VI nodes are treated in all cases with clini-
cal involvement of level IV nodes, in cases of 
hypopharynx cancer where the apex of the pyri-
form sinus is involved, laryngeal cancers extend-
ing to the subglottic larynx, and in all cases of 
thyroid cancer for which RT is indicated.  

4.3.3.8    Level VII Nodes 
 Level VII nodes are treated in all cases of gross 
level VI nodal involvement.   

4.3.4     Special Considerations 
for Target Delineation 

 A number of aforementioned anatomical and sur-
gical studies form the fundamental basis for elec-
tive nodal CTV coverage in squamous cell 
carcinoma of the head and neck (Byers et al. 
 1988 ; Candela et al.  1990 ; Lindberg  1972 ; 
Rouvière  1938 ). Further rationale for these CTV 
defi nition guidelines when using IMRT is pro-
vided by patterns of failure studies from the 
University of Michigan and other institutions 
(Chen et al.  2010 ,  2011 ; Dawson et al.  2000 ; 
Eisbruch et al.  2004a ). One series of 133 patients 
from our institution with non-nasopharyngeal 
HNC treated with either defi nitive or postopera-
tive IMRT with sparing of the parotid glands 
evaluated the site of failure in each of 21 patients 
with locoregional failure (Dawson et al.  2000 ; 
Eisbruch et al.  2004a ). All patients in this study, 
even those who were clinically node negative, 
received bilateral neck irradiation due to a high 
risk of subclinical bilateral neck disease. The 
superior borders of the CTV in most patients was 
the skull base for the ipsilateral neck, the level of 
the posterior belly of the digastric muscle cross-
ing the internal jugular vein for the contralateral 
neck, and the top of the C1 vertebral body for the 
RP nodes, in accordance with Rouvière’s descrip-
tion of the location of the lateral RP nodes 
(Figs.  4.2  and  4.3 ) (Rouvière  1938 ). At a median 

  Fig. 4.4    Axial CT image of a patient with a left base of 
the tongue T1 N2a squamous cell carcinoma. PTVs for 
the primary tumor and involved left level II node are dis-
played in  blue . Level  IB  and  V  on the ipsilateral left side 
are included in the elective PTV ( yellow ), whereas the 
contralateral right-sided elective PTV excludes level  IB , 
posterior  IIB , and  V . The bilateral RP nodes ( RP ) are addi-
tionally included bilaterally. The superior pharyngeal con-
strictor muscles ( PC ,  violet ) and submandibular glands 
( SM ,  brown ) are notable OARs at this level       
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follow-up period of 32 months, 21 of the 133 
patients (16 %) had locoregional recurrences; 17 
occurred infi eld, whereas four were marginal. 
The fi ndings from this study and other institu-
tions underscore the following particular con-
cerns with the use of IMRT for head and neck 
cancer. 

4.3.4.1    Retropharyngeal Nodes 
 Two of the four marginal recurrences in our insti-
tutional series occurred near the base of the skull 
at the site of the lateral RP nodes (Eisbruch et al. 
 2004a ). Both occurred in patients with oropha-
ryngeal cancer (one tonsillar and one base of the 
tongue) who presented with N0 necks, in whom 
the RP nodes had been included within the CTV 
with a cranial most extent to the top of C1. 
However, the epicenter of the recurrence volume 
of the two marginal RP recurrences lays cranial 
to the top of C1, one ipsilateral to the primary 
tumor and the other contralateral and extensive. 
Given this unexpected pattern of failure, and the 
scant details in the literature regarding the pattern 
of metastases to the RP nodes in non- 
nasopharyngeal cancers, our institutional policy 
was modifi ed to include the lateral RP nodes 
bilaterally with a cranial extent to the skull base 
in all cases of locally advanced oropharyngeal 
cancer, irrespective of extent of neck node 
involvement (Figs.  4.2  and  4.3 ) (King et al.  2000 ; 
McLaughlin et al.  1995 ). This practice is consis-
tent with the recent cooperative group consensus 
guidelines for CTV delineation and is supported 
by surgical series of RP node involvement, other 
institutional case reports of marginal RP failures 
near the skull base, and RT series demonstrating 
an absence of RP nodal failures following IMRT 
using elective CTVs extending to the skull base 
(Chen et al.  2011 ; Chung et al.  2011 ; Coskun 
et al.  2011 ; Eisbruch et al.  2004a ;  Gregoire and 
Levendag ; Hasegawa and Matsuura  1994 ). One 
recent preliminary report, however, suggested 
that in selected cases of ipsilateral-only nodal 
involvement, treatment of the contralateral RP 
nodes can be avoided without an increased risk of 
marginal or out-of-fi eld failure (Spencer et al. 
 2012 ). If supported by more mature and conclu-
sive evidence, exclusion of the contralateral RP 

nodes in cases of locally advanced oropharynx 
cancer without contralateral nodal involvement 
will be incorporated into our future treatment 
policies and recommendations.  

4.3.4.2     Lymph Nodes at Risk 
Due to Aberrant Lymphatic 
Drainage from Extensive 
Neck Disease 

 The third marginal recurrence in our institutional 
series was in a patient with oral tongue cancer 
who had bulky low neck nodal involvement 
(Eisbruch et al.  2004a ). Despite achieving a com-
plete response after RT, the patient subsequently 
recurred in level VI, highlighting the potential for 
involvement retrograde lymphatic fl ow and 
unpredictable patterns of nodal metastasis in 
patients with bulky nodes (Fisch  1968 ). Rouvière 
described lymphatic drainage channels to the 
pretracheal/prelaryngeal nodes (level VI) from 
the jugular nodes (levels III–IV) which provide a 
conduit for distal lymphatic drainage in cases of 
extensive nodal involvement (Rouvière  1938 ). 
These connections, in tandem with fl ow obstruc-
tion at level IV, explain this marginal recurrence 
at level VI. As such, level VI nodes should be 
treated in all cases with clinical involvement of 
level IV nodes. 

 A recent review of our institutional experience 
between 2003 and 2011 revealed six cases of 
patients with primary cancers of the oropharynx 
and nasopharynx who presented with pathologi-
cally confi rmed parotidean metastases (unpub-
lished data). All of these patients had locally 
advanced stage N2c or N3 disease, with diffuse 
multilevel and bulky involvement of ipsilateral 
level II. Based on these fi ndings, we have changed 
out institutional practice to include elective cov-
erage of the ipsilateral parotidean nodes in all 
cases of extensive involvement of the level II 
lymph nodes.  

4.3.4.3    Prior Surgery 
 The fourth marginal recurrence in our institu-
tional patterns of failure series was observed in 
a patient who had a history of prior neck dissec-
tion more than 1 year prior to recurrence of an 
oral cavity cancer (Eisbruch et al.  2004a ). He 

4 Head and Neck Cancer



76

was treated with local excision of the primary 
site recurrence followed by postoperative IMRT 
and experienced subsequent recurrence in the 
subcutaneous tissues of contralateral level I – an 
unpredictable location given the site of his pri-
mary tumor. As in patients with extensive nodal 
involvement, those patients with a history of neck 
surgery more than 1 year prior to tumor recur-
rence may experience unpredictable lymphatic 
drainage, in this case due to collateral lymphat-
ics which fully develop 1 or more years after 
surgery (Fisch  1968 ; Rouvière  1938 ). These col-
laterals commonly develop in the submental and 
submandibular areas, including within the sub-
dermal tissues, thus leading to unpredictable pat-
terns of recurrence. As such, the use of IMRT in 
patients who have had major neck surgery more 
than 1 year prior to tumor diagnosis should be 
approached with caution due to the uncertainty 
regarding their targets.  

4.3.4.4     Selection of Split-Neck 
Versus Whole-Neck IMRT 
for Supraclavicular Treatment 

 Chao et al. reported the outcomes of 126 HNC 
patients treated at Washington University in St. 
Louis using IMRT for the upper neck only to 
spare the parotid glands with a matched anterior 
low neck fi eld (Chao et al.  2003 ). Twenty-eight 
percent of recurrences in this series (fi ve patients) 
occurred in the supraclavicular area, underscoring 
the importance of avoiding underdosing of low 
neck nodal levels in patients in whom these 
regions are at high risk, such as those with clinical 
nodal involvement in levels III or IV or with bulky 
nodal involvement of level II. In cases where the 
lower neck is at low risk, a split-neck technique 
with a larynx block does confer certain potential 
benefi ts over a comprehensive IMRT plan, such 
as reduced dose to the glottic larynx, reduced 
labor-intensiveness of target delineation, short 
treatment time, less monitor unit delivery, and less 
daily setup deviation in the low neck (Eisbruch 
and Gregoire  2009 ). These benefi ts, however, 
may come at the cost of reduced dose certainty to 
targets in the low neck targets and particularly at 
the IMRT fi eld and low neck fi eld junction, poten-
tially resulting in over- or underdosing in these 
regions. Additionally, we have found that in cases 

where the low neck is at low risk, a comprehen-
sive IMRT plan which prioritizes avoidance of the 
glottic larynx, inferior pharyngeal constrictor, and 
upper esophagus can consistently reduce the 
mean dose to these structures to 20–30 Gy over 35 
fractions, which is comparable to the dose 
received when using a split-neck technique. In 
cases where the low neck is a high risk, a compre-
hensive IMRT plan may result in higher doses to 
these avoidance structures, but with the benefi t of 
more accurate coverage of at-risk targets in the 
low neck, reduced risk of underdosing at the split-
neck fi eld junction, and the ability to partially 
spare OARs such as the larynx, cricopharyngeus, 
esophagus, and brachial plexus while delivering 
high doses to gross disease in the low neck (i.e., 
level IV). Therefore, at our institution, we employ 
the use of a single comprehensive IMRT plan 
rather than a matched anterior low neck fi eld for 
treatment of the low neck and strongly recom-
mend this approach in cases where the low neck 
targets are grossly involved or at high risk of sub-
clinical metastases.  

4.3.4.5     Preservation of the Swallowing 
Structures 

 Dysfunction of the swallowing structures is a 
common cause of severe acute and late toxicity 
after head and neck radiotherapy and is perhaps 
the strongest determinant of long-term qual-
ity of life in HNC survivors (Hunter et al.  2013 ; 
Langendijk et al.  2008 ; Machtay et al.  2008 ; 
Terrell et al.  2004 ). Radiotherapy dose to the 
swallowing structures, specifi cally the pharyn-
geal constrictor (PC) muscles, has been impli-
cated as a primary treatment-related predictor 
of swallowing dysfunction after chemoradio-
therapy (Eisbruch et al.  2011 ; Feng et al.  2007 ; 
Popovtzer et al.  2009 ). Therefore, avoidance of 
dose to the PCs should be attempted where pos-
sible, although this goal must be balanced against 
the need for adequate coverage of the RP nodes, 
due to their frequent involvement in cancers of 
the nasopharynx, oropharynx, and hypopharynx 
(Chung et al.  2011 ; Coskun et al.  2011 ; Eisbruch 
et al.  2004a ; Hasegawa and Matsuura  1994 ; King 
et al.  2000 ). The RP nodes consist of lateral 
and medial groups, with the medial RPs located 
near midline close to the center of the PCs. As 
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 metastatic involvement of the medial RP nodes is 
rare in HNC (with the exception of tumors that 
invade the posterior pharyngeal wall), it has been 
postulated that these nodes may be excluded from 
the CTV such that high dose to adjacent PCs can 
be avoided. This hypothesis was tested at the 
University of Michigan in a prospective study of 
73 patients with locally advanced (stages III–IV) 
oropharynx cancer designed to assess the clini-
cal and functional results of chemoradiotherapy 
using IMRT to spare the important swallowing 
structures (Feng et al.  2010 ). IMRT planning was 
performed with the intent of sparing non-involved 
parts of the swallowing structures, namely, the 
pharyngeal constrictors, glottic larynx, supraglot-
tic larynx, and esophagus as well as the oral cavity 
and major salivary glands (Fig.  4.5 ). At a median 
follow-up of 36 months, 3-year disease- free and 
locoregional recurrence-free survival was 88 and 
96 %, respectively. At 1 year after completion of 
therapy, observer-rated dysphagia was absent or 
minimal (scores 0–1) in all except four patients: 
one who was feeding-tube dependent and three 

who required soft diet. These outcomes clearly 
indicate that IMRT aimed at reducing dose to the 
swallowing structures in oropharynx cancer can 
safely minimize dysphagia while maintaining 
high rates of locoregional tumor control.   

4.3.4.6    Summary 
 In summary, these analyses suggest the addi-
tional recommendations shown in Table  4.3  for 
target volume delineation in IMRT and augment 
those already understood.

4.4          The Postoperative Case: 
Defi ning the Clinical Target 
Volumes 

 In surgically treated head and neck squamous 
cell carcinoma with pathological risk factors in 
either the primary or regional sites of involvement 

  Fig. 4.5    Example of an intensity-modulated radiother-
apy plan for a patient with a left base of the tongue T1 N2a 
squamous cell carcinoma. Dose distributions (displayed 
in Gy) are labeled. Note the avoidance of high dose to the 
medial pharyngeal constrictor muscles ( PC ,  blue contour ) 
while treating the lateral retropharyngeal ( RP ) node plan-
ning target volumes ( yellow contour ). The bilateral 
parotid glands ( P , white contour) are also largely spared       

   Table 4.3    Additional recommendations for target delin-
eation based on recent studies   

 The lateral RP nodes should be treated  bilaterally  in all 
cases of nasopharyngeal cancer, cancers involving the 
posterior pharyngeal wall, and most cases of locally 
advanced oropharyngeal cancer 
 Treatment limited to the ipsilateral RP nodes in 
oropharyngeal cancer is at present recommended only 
in cases of small, well-lateralized oropharyngeal 
tumors with N0 or small-volume N1 disease. In the 
future, however, this recommendation may be extended 
to also include those cancers without contralateral 
nodal involvement (i.e., N0–N2b), pending validation 
of recently reported evidence suggesting that this 
practice may not increase the risk of marginal or 
out-of-fi eld locoregional failures (Spencer et al.  2012 ) 
 The superior extent of the CTV for the lateral RP nodes 
should extend cranially beyond C1 to the skull base 
 The medial RP nodes are not included in the CTV 
unless the posterior pharyngeal wall is involved; thus, 
the medial parts of the pharyngeal constrictors can be 
spared from effects of high radiotherapy doses 
 In patients who have had major neck surgery more than 
1 year prior to treatment, IMRT should be used with 
extreme caution due to the uncertainty regarding their 
targets 
 When the low neck is at high risk, such as in patients 
with signifi cant upper neck nodal involvement, 
particular attention must be paid to the low neck targets 
to ensure appropriate dose delivery. This is of 
paramount importance when using a low anterior 
photon fi eld matched to an upper neck IMRT plan 

 

4 Head and Neck Cancer



78

to warrant adjuvant radiotherapy (either with or 
without concurrent chemotherapy), the surgi-
cal specimen provides valuable information that 
should be helpful in determining the neck levels 
at risk. Resection of the primary site, neck dis-
section, and surgical reconstruction disrupts 
some of the anatomical landmarks used to defi ne 
the borders between the levels. The surgical bed, 
however, remains apparent on CT and should be 
encompassed entirely within the CTV. As it is 
often impossible to distinguish between the pri-
mary tumor resection site and the adjacent neck 
dissection bed, they are encompassed within a 
unifi ed CTV. Sites of positive margins or extra-
capsular extension are delineated generously 
as a higher-risk CTV which should receive a 
higher radiotherapy dose (as described below). 
Additionally, irrespective of whether they were 
included in the neck dissection, nodal levels 
deemed at risk based upon the primary site loca-
tion or extent of neck involvement (i.e., level VI 
in cases of pathological level IV involvement) 
should be included in the CTV (see Sect.  4.3.2 ). 
For malignant salivary gland tumors which are 
primarily managed surgically, those with tumors 
that are high grade, T3 or T4, recurrent, resected 
incompletely or with close margins, have peri-
neural or gross nerve invasion, or have lymph 
node metastases should receive adjuvant RT 
(Chen et al.  2007a ,  c ; Terhaard et al.  2005 ). CTV 
delineation guidelines for the primary site and 
neck are as detailed above (see Sects.  4.2.2 ,  4.3.2 , 
and  4.3.3 , respectively). 

 Recent surgical series of transoral robotic sur-
gery (TORS) and transoral laser microsurgery 
(TLM) for oropharynx cancer with favorable out-
comes after surgery alone, even in stage III and 
IV disease, have proposed that postoperative 
radiotherapy can be safely omitted in cases with 
traditional indications for adjuvant RT after 
TORS or TLM (Grant et al.  2009 ; Weinstein 
et al.  2012 ). These studies, however, are limited 
by their small patient numbers, patient selection 
biases, lack of matched comparator groups of 
patients who received RT, and in the case of the 
TLM studies, their retrospective nature. Until 
omission of RT in such patients is supported by 
higher-level evidence, the use of postoperative 

RT to both the primary site and neck for those 
with appropriate indications should remain the 
standard of care.  

4.5     Target Doses and Treatment 
Techniques 

4.5.1     Doses 

 At our institution, our current treatment policy is 
to deliver 70 Gy to the GTV in 35 fractions 
(2.0 Gy per fraction). The high-risk CTV, which 
is around the GTV and the fi rst echelon nodes, 
receives 59–63 Gy (at 1.7–1.8 Gy per fraction, 
biologically equivalent to 54–60 Gy at 2.0 Gy per 
fraction). The lower-risk areas receive 56–59 Gy 
(1.6–1.7 Gy per fraction, biologically equivalent 
to approximately 49–54 Gy at 2.0 Gy per frac-
tion). These specifi cations are very similar to the 
policies at UCSF, Washington University in St. 
Louis, University of Iowa, and MSKCC (Chao 
et al.  2003 ; Lee et al.  2003 ; Setton et al.  2012 ; 
Yao et al.  2005 ). Concurrent chemotherapy for 
patients with locally advanced (stages III–IV) 
disease is strongly recommended for fi t patients 
based upon level I evidence (Denis et al.  2004 ; 
Forastiere et al.  2003 ; Pignon et al.  2009 ). For 
patients receiving concurrent RT, we favor the 
use of the standard fractionation scheme above 
rather than accelerated radiotherapy, which has 
failed to show a benefi t in terms of locoregional 
control or survival in phase III studies (Ang et al. 
 2010 ; Bourhis et al.  2012 ). In patients with 
locally advanced disease who do not receive con-
current chemotherapy, due typically to comorbid 
illness or other contraindication, accelerated or 
hyperfractionated radiotherapy is recommended, 
on the basis of multiple randomized trials dem-
onstrating improvement in locoregional control 
and a meta-analysis demonstrating an improve-
ment in overall survival compared with conven-
tional radiotherapy (Bourhis et al.  2006 ; Fu et al. 
 2000 ; Horiot et al.  1992 ; Overgaard et al.  2003 ). 
Our institutional preference in this situation has 
been to use the DAHANCA regimen of 6 frac-
tions per week (with the sixth fraction given 
either on Saturday or as a second fraction 1 day 
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per week given at least 6 h apart) to deliver our 
standard fractionation scheme above while accel-
erating the course of therapy by 1 week 
(Overgaard et al.  2003 ). 

 For postoperative radiotherapy delivered, our 
institutional policy is to defi ne standard-risk and 
low-risk CTV. The standard-risk CTV includes 
the primary tumor surgical bed, involved nodal 
levels, and fi rst echelon nodal levels and receives 
60 Gy in 30 fractions (at 2.0 Gy per fraction). The 
low-risk CTV, consisting of second echelon 
nodal levels, receives 54 Gy in 30 fractions (at 
1.8 Gy per fraction). In the case of positive mar-
gins or extracapsular extension (ECE), chemo-
therapy should be administered concurrent with 
RT (Bernier et al.  2005 ). In this setting, we defi ne 
an additional high-risk CTV at the sites of posi-
tive margin and/or ECE, which receives 66 Gy in 
33 fractions (2 Gy per fraction), while the 
standard- risk CTV and low-risk CTV, as defi ned 
above, receive 60 and 54 Gy in 33 fractions (at 
1.82 and 1.64 Gy per fraction, respectively). In 
patients with small-volume high-risk CTVs (for 
positive margins or ECE) receiving concurrent 
chemotherapy, the treatment course can be deliv-
ered over 30 fractions, such that the high-risk, 
standard-risk, and low-risk CTVs receive 2.2, 
2.0, and 1.8 Gy per fraction. When delivered to 
larger volumes with concurrent chemotherapy, 
however, hypofractionation may signifi cantly 
increase the toxicity of therapy, and as such is 
discouraged. For residual gross disease, defi ni-
tive radiotherapy doses of 70 Gy should be pre-
scribed to the residual GTV.  

4.5.2     Sparing the Organs at Risk 

 Evidence accumulated over the past 10 years has 
demonstrated that sparing of a number of organs in 
the head and neck with highly conformal RT can 
translate into signifi cant reductions in both acute 
and late toxicity and tangible improvements in 
quality of life. Clear dose-response relationships 
have been demonstrated between xerostomia and 
dose to the parotid glands, submandibular glands, 
and oral cavity; mucositis and dose to the oral 
cavity mucosa; dysphagia and dose to the pharyn-

geal constrictors; and osteoradionecrosis and dose 
to the mandible (Bentzen et al.  2001 ; Beumer 
et al.  1984 ; Eisbruch et al.  2001 ,  1999 ; Lee et al. 
 2009 ; Little et al.  2012 ; Murdoch-Kinch et al. 
 2008 ; Narayan et al.  2008 ; Spanos et al.  1976 ; 
Tsai et al.  2013 ). Subsequent efforts to reduce the 
dose to a number of these structures, including 
the parotid glands, pharyngeal constrictors, man-
dible, and uninvolved oral cavity, have produced 
clinically meaningful improvements in organ-
specifi c toxicities and quality of life (Ben-David 
et al.  2007 ; Eisbruch et al.  2001 ; Feng et al.  2010 ; 
Kam et al.  2007 ; Nguyen et al.  2012 ; Nutting 
et al.  2011 ; Studer et al.  2006 ; Wang et al.  2012b ). 
Treatment- related toxicity may potentially be 
further reduced by sparing other normal tissues, 
including the skin, pharyngeal mucosa, neck mus-
culature, and nonspecifi c normal head and neck 
tissue, irradiation of which is associated with an 
increased risk of second malignancy (Lee et al. 
 2002 ; Sanguineti et al.  2006 ). Attention to sparing 
of the non-involved glottic larynx, additionally, is 
likely to not only preserve voice quality but also 
reduce the risk of long-term aspiration and dys-
phagia, which may result from delivery of IMRT 
without inclusion of the larynx and midline swal-
lowing structures in the planning cost function 
(Caudell et al.  2010 ; Caglar et al.  2008 ; Eisbruch 
et al.  2004b ; Feng et al.  2007 ; Jensen et al.  2007 ). 
However, one must bear in mind that the selec-
tion of OARs and extent to which each should be 
spared must be carefully balanced against cover-
age of the GTVs and CTVs, as failure to achieve 
locoregional control due to inadequate target cov-
erage is certain to negate any potential quality of 
life derived from sparing of OARs. This decision 
is individual for each case and requires consid-
eration of the dose-response relationships of the 
OARs and targets involved, as tradeoffs between 
these structures, as well as between competing 
OARs, are inevitable. For instance, while sparing 
the contralateral submandibular gland is feasible 
when the adjacent level IB is not included in 
the CTV, this may only be achievable at the 
cost of increased dose to the parotid gland and 
swallowing structures (Murdoch-Kinch et al. 
 2008 ). The clinical  implications of such trad-
eoffs must be considered within the context of 
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the dose-response relationships for each involved 
OAR in order to achieve the optimal balance 
between these competing goals. 

 An additional consideration in defi ning and 
prioritizing avoidance structures when using 
IMRT is the steep dose fall-off that occurs at the 
interface between targets and OARs. This is most 
evident in the oral cavity, where the distinction 
between CTV and the mucosa to be spared may 
be arbitrary, and in the pharyngeal constrictor 
muscles, which lie between the CTVs in the 
bilateral necks and adjacent to most of primary 
sites in the head and neck. Selecting a greater 
number of avoidance structures results in steeper 
dose gradients around the CTVs, which may 
increase the risk of marginal recurrences if CTVs 
are not conservatively (i.e., generously) defi ned. 

 Recommendations for IMRT dose constraint 
goals for normal tissue structures based on our 
current institutional policies are included in 
Table  4.4  (Eisbruch et al.  2001 ,  2004b ,  2011 ; 
Little et al.  2012 ; Murdoch-Kinch et al.  2008 ).

4.5.3        IMRT Planning 

 For IMRT planning, uniform 3–5 mm expansions 
around each GTV and CTV are used to generate 
planning target volumes (PTVs) for each target, 
depending on the reproducibility of patient setup 
at the treating center. At the University of 
Michigan, IMRT optimization is performed using 
minimum and maximum target coverage goals of 
99 and 107 % of prescription dose, respectively, 
for the PTV surrounding the GTVs. For the PTVs 
surrounding the subclinical CTVs, target cover-
age goals are ±5 % of the prescribed dose. 

 With a greater number of beam angles, 
higher treatment conformality may be achieved, 
although at the cost of additional time required 
for the planning and delivery of each fi eld, which 
reduces the overall effi ciency of the clinic. To this 
end, one must assess to what degree of addition-
ally conformality in planning provides a clini-
cally signifi cant benefi t for the patient. At our 
institution, we have found that nine equidistant 
fi elds are suffi cient for most head and neck IMRT 
courses. In a complex case, such as a locally 
advanced sinonasal tumor with nodal involve-
ment and extension into the skull base, in which 
both the extensive gross disease and nodal tar-
gets must be covered while limiting dose to the 
adjacent optic structures and brain, the use of 11 
or more equidistant fi elds may provide a some-
what more conformal plan and yield better treat-
ment outcomes. Beyond this, a greater number of 
delivery angles, and the technologies that enable 
their use, seem unlikely to provide additional 
benefi t, such that their value would need to be 
demonstrated in clinical evaluations.  

4.5.4     Adaptive Replanning 

 As is not infrequent due to weight loss or tumor 
shrinkage during head and neck RT, a patient’s 
contour may change such that their thermo-
plastic mask may no longer fi t. In this circum-
stance, re- simulation is necessary to confi rm the 
reproducibility of the original simulation posi-
tion, typically using co-registration of the new 
simulation CT scan with the original  treatment 

   Table 4.4    Head and neck IMRT dose constraint goals for 
non-involved normal structures at the University of 
Michigan   

 Organ 
 Dose 
parameter a  

 Goal 
(Gy) 

 Spinal cord  Maximum  ≤45 
 Spinal cord +0.5 cm  Maximum  ≤50 
 Brainstem +0.3 cm  Maximum  ≤54 
 Optic chiasm +0.3 cm  Maximum  ≤50 
 Optic nerve  Maximum  ≤50 
 Parotid gland  Mean  ≤24 
 Submandibular glands  Mean  ≤30 
 Oral cavity  Mean  ≤30 
 Glottic larynx  Mean  ≤20 
 Superior and middle 
pharyngeal constrictors 

 Mean  ≤50 

 Inferior pharyngeal 
constrictors 

 Mean  ≤20 

 Esophagus  Mean  ≤20 
 Mandible  Maximum  ≤70 
 Lips  Mean  ≤30 
 Eyes  Maximum  ≤40 
 Brachial plexus  Maximum  ≤60 
 Cochlea  Maximum  ≤40 

   a Maximum dose constraints pertain to 1 % of the volume 
of the normal tissue structure  
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plan to confi rm adequate target coverage and 
OAR avoidance. A number of small studies have 
examined the dosimetric impact of anatomy 
changes during RT on the delivery of planned 
dose to the OARs and target volumes (Castadot 
et al.  2011 ; Cheng et al.  2012 ; Lee et al.  2008 ; 
Loo et al.  2011 ; Wu et al.  2009 ; Hansen et al. 
 2006 ; Ho et al.  2012 ; O’Daniel et al.  2007 ). For 
OARs, most studies demonstrate that during RT, 
the volume of parotid glands decreases and their 
position is medially displaced, resulting in an 
increase in delivered dose to the parotids com-
pared to the planned dose. Both the medial dis-
placement of the parotids and increased parotid 
doses appear to be highly correlated with weight 
loss during RT (Barker et al.  2004 ; Lee et al. 
 2008 ; Castadot et al.  2011 ). Although increase 
in mean parotid dose in these studies is on aver-
age less than 5 %, delivered mean parotid doses 
of up to 40 % or greater above planned dose 
occurred not infrequently in individual patients. 
A number of these studies also assessed delivered 
dose to more critical avoidance structures such 
as the spinal cord and brainstem, with no clear 
consensus among studies as to whether delivered 
dose differed from intended dose (Cheng et al. 
 2012 ; Hansen et al.  2006 ; Ho et al.  2012 ; Wu 
et al.  2009 ; Castadot et al.  2011 ; Loo et al.  2011 ). 
In the studies that did demonstrate differences 
between planned and delivered doses, however, 
those differences did appear clinically signifi -
cant, with maximum doses up to 15.4 and 8.1 Gy 
over the planned dose delivered to the spinal cord 
and brainstem in one study and delivered dose to 
each of these structures exceeding accepted toler-
ance doses in 11 and 16 % of patients in another 
study, respectively (Cheng et al.  2012 ; Hansen 
et al.  2006 ). For target volumes, delivered dose 
and target coverage differed minimally from the 
planned dose in most studies, even despite fre-
quent tumor shrinkage during RT (Castadot et al. 
 2011 ; Cheng et al.  2012 ; Hansen et al.  2006 ; Loo 
et al.  2011 ; O’Daniel et al.  2007 ; Wu et al.  2009 ). 
Unsurprisingly, for both the OARs and targets, 
while adaptive replanning statistically improved 
dose distribution and conformality compared of 
the original plans, the magnitude of the improve-
ments in dose delivered by the adaptive plans was 

rarely clinically signifi cant (Castadot et al.  2011 ; 
Hansen et al.  2006 ; O’Daniel et al.  2007 ). Taken 
together, these results suggest that while most 
patients do not experience anatomical changes 
with a clinically meaningful impact on dose 
delivered to either the OARs or target volumes, a 
selected minority of patients with larger anatomi-
cal changes may potentially benefi t from adap-
tive replanning. 

 Given the labor-intensive nature of assessing 
for dosimetric changes and adaptive replanning, 
the optimal strategy for incorporating this process 
into routine clinical practice remains to be deter-
mined. Methodologies for replanning can vary 
widely, ranging from “simple adaptation to chang-
ing geometry” to signifi cantly more complex 
adaptation to both geometry and delivered dose 
(Wu et al.  2009 ). However, the routine use of even 
“simple” adaptation techniques requires signifi -
cant clinical resources on the part of the physi-
cian, dosimetrists, and physicists. Schwartz et al. 
recently reported early results from the fi rst pro-
spective clinical study of adaptive IMRT in 24 
patients with locally advanced oropharynx cancer 
(Schwartz et al.  2012 ). Using an automated pro-
cess of deformable image registration and auto-
matic segmentation, baseline treatment plans 
were mapped onto daily on-treatment CT scans 
and reviewed for signifi cant anatomical changes. 
Adaptive replanning was performed when neces-
sary to correct for inadequate target coverage or 
insuffi cient sparing of OARs. All 24 patients 
required at least one replan due to protocol speci-
fi ed changes in CTV or normal tissue coverage, 
while eight patients required an additional second 
replan later in the treatment course. Compared to 
the original plan, a single replan improved deliv-
ered mean doses to the ipsilateral and contralat-
eral parotid glands by 0.6 Gy (2.8 %) and 1.3 Gy 
(3.9 %), respectively, while also reducing the 
body volume receiving greater than 60, 40, and 
20 Gy by 31, 36, and 13 cc, respectively. Acute 
toxicity was comparable to previous reports with 
standard IMRT, while late toxicity, particularly 
with respect to dysphagia and aspiration, appears 
quite favorable in this preliminary report (Feng 
et al.  2010 ). Whether these outcomes can be 
attributed to the relatively small dosimetric 
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improvements achieved by adaptive RT, rather 
than to other factors such as favorable patient 
selection, cannot be addressed by this study, and 
will require defi nitive assessment and validation 
in a randomized trial of adaptive versus standard 
IMRT. Nonetheless, the relatively automated and 
streamlined system described by Schwartz et al. 
represents a promising approach by which adap-
tive IMRT may be integrated into routine clinical 
practice in the future. 

 At present, outside of the context of a clinical 
trial, we recommend that head and neck IMRT 
continue to be planned and delivered based upon 
the original pretreatment CT simulation, without 
routine adaptive replanning during the treatment 
course. However, if the original treatment posi-
tion cannot be reproduced or large changes in 
external patient contour occur (such as due to a 
signifi cant regression of bulky neck disease), we 
recommend repeat CT simulation and co- 
registration of the new CT with the original treat-
ment plan, with physician assessment of adequacy 
of target coverage. If unacceptable deviations in 
either target coverage or sparing of critical organs 
are found, then replanning should be performed 
to ensure acceptable treatment plan delivery. 
However, this should not be anticipated or 
planned in the setting of primary tumor regres-
sion alone, in which circumstance we recom-
mend that the entirety of the original GTV receive 
the originally intended full prescription dose, 
irrespective of radiographic or clinically visible 
regression of gross tumor. Further investigations 
may determine whether adaptive planning to 
either boost nonresponding tumor or de-escalate 
the dose to rapidly responding tumor may 
improve the effi cacy or toxicity of head and neck 
radiotherapy.  

4.5.5     Radiotherapy After Induction 
Chemotherapy 

 In patients who receive induction chemotherapy 
prior to radiotherapy, a frequent concern that 
arises is whether to reduce the CTV or PTV in 
areas of signifi cant tumor regression. Although 
such an approach has been employed successfully 

in other disease sites and certainly warrants fur-
ther investigation in head and neck cancer, at 
present its use is not recommended in head and 
neck radiotherapy (Salama et al.  2009 ). Our pol-
icy is to use the same PTV and CTV that would 
be indicated before induction chemotherapy, 
unless there was a change in the involved com-
partment as tumor shrank, with the same doses 
based only on the clinical indications for each 
particular tumor. As recent data from randomized 
studies failed to show clear benefi t for induction 
chemotherapy, its use is likely to decline in the 
future (Cohen et al.  2012 ; Haddad et al.  2012 ).   

    Conclusion 

 The use IMRT for the treatment of head and 
neck cancer requires accurate target delinea-
tion and treatment planning in order to achieve 
optimized patient outcomes. Incorporation of 
physical examination and imaging studies with 
knowledge of the natural history and patterns 
of spread for tumors of each anatomical site 
and histological type is essential for accurate 
defi nition of the gross and at-risk subclini-
cal target volumes and avoidance of mar-
ginal or out-of-fi eld locoregional recurrences. 
Identifi cation of normal tissue structures that 
are not at risk, and can therefore be safely 
spared without compromising locoregional 
control, is additionally further central to reduc-
ing the toxicity of head and neck radiotherapy. 
Adaptive dose escalation to tumor sub-vol-
umes at highest risk of treatment failure has the 
potential to improve the effi cacy of head and 
neck radiotherapy and impact the paradigm by 
which functional imaging is incorporated into 
target delineation in the future.     
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5.1            Introduction 

 Lung cancer is still the most frequent malignancy 
around the world, and radiotherapy together with 
surgery and systemic therapy is a key modality in 
the curative treatment of both non-small cell lung 
cancer (NSCLC) and small cell lung cancer 
(SCLC). Due to modern effective screening and 
staging methods, the selection of patients with 
curative treatment options has improved. In times 
of increasingly precise radiotherapy techniques, 
accurate target and normal tissue delineation 
belong to the tools which guarantee the maxi-
mum chance of long-term survival along with 
acceptable side effects. Systematic errors, intro-
duced by incorrect delineation of GTV (gross 
tumour volume), CTV (clinical target volume), 
necessary margins and normal tissues, will sig-
nifi cantly reduce the probability of local tumour 
control and normal tissue sparing.

During the last decade, radiotherapy techni-
ques have signifi cantly improved (Bentzen et al. 
 2008 ), including the development of intensity- 
modulated radiotherapy (IMRT) and image-
guided radiotherapy (IGRT) with on-site imaging 
and treatment verifi cation techniques (e.g. cone-
beam CT and MV-CT, kV imaging), the incorpo-
ration of imaging such as 4D CT and positron 
emission tomography (PET-CT) and the use of 
more accurate dose calculation algorithms (e.g. 
type B algorithms, Monte Carlo methods). These 
techniques allow for increased accuracy of dose 
delivery (e.g. stereotactic body radiotherapy) and 
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also for adaptive radiotherapy techniques based 
on morphologic and pathophysiologic changes. 
High cure rates can now be achieved with SBRT 
in patients with early disease, which is motivat-
ing towards  further optimisation of other tech-
niques to also improve the outcome of NSCLC 
patients with more advanced disease. 

 For locally advanced SCLC, concurrent radio-
chemotherapy has been adopted as standard 
(Auperin et al.  2010 ; Pijls-Johannesma et al. 
 2007 ). Using modern target volume and applica-
tion concepts, the necessary doses, even if applied 
simultaneously with toxic chemotherapy, can be 
given far more often as compared to 10 years ago 
(Liao et al.  2010 ). 

 Overall, the three prerequisites for successful 
modern radiotherapy of lung cancer patients are:
    1.    Accurately delineated GTVs and clear CTV 

concepts   
   2.    Delivery of suffi cient radiation dose, as has 

convincingly been shown in SBRT 
(Guckenberger et al.  2013 )   

   3.    Cautious handling of normal tissues in the set-
ting of high-dose hypofractionation     
 This chapter will highlight some aspects of 

practical importance for target volume and nor-
mal tissue delineation in the context of radiother-
apy planning for lung cancer patients.  

5.2     Anatomy 

 The challenge of radiotherapy in the chest is 
characterised by the necessity to deliver high 
doses of radiation to malignant sites, which are 
surrounded or neighboured by large volumes of 
rather radiosensitive but healthy lung paren-
chyma. Furthermore, the cooperation and com-
munication between imaging specialist, surgeon 
and radiation oncologist in order to provide opti-
mal care and avoid geographic miss of target vol-
umes remains an interdisciplinary challenge. 

5.2.1     Mediastinal Lymphatics 

 Lung tumours usually arise either in or near to the 
central bronchial system or in the peripheral lung 

tissue, all having their lymphatic drainage via the 
mediastinum. For staging, treatment decision and 
target volume delineation purposes, solid knowl-
edge about the classifi cation and diagnostic proce-
dures of the mediastinum is essential. 

 Unfortunately, the lymphatic drainage of lung 
tumours through the mediastinum varies, and 
beyond individually different anatomical routes, 
it may be hampered by pre-existing comorbidi-
ties like COPD and former infl ammatory dis-
ease, leading to variations in the drainage with 
skip lesions and unexpected contralateral spread. 
Therefore, meticulous mediastinal staging by 
imaging and invasive methods is mandatory 
before any curative intended treatment of a lung 
cancer patient. 

 Most of the mediastinal drainages ultimately 
reach the upper mediastinum and the right supra-
clavicular fossa, which means that the right-
sided tumours usually drain via the right hilar 
and paratracheal nodes, whereas the left-sided 
tumours may soon drain via the contralateral side 
(LoCicero et al.  2005 ). The mediastinal staging 
may be done non-invasively by CT, FDG-PET 
or FDG-PET/CT, leading to a high sensitivity 
but relatively lower specifi city in the diagnosis of 
lymph node metastases (see paragraph “imaging” 
below). Therefore, imaging fi ndings suggestive 
for mediastinal lymph node metastases need to be 
confi rmed by invasive staging if they are crucial 
for treatment decisions (e.g. pro/contra resection). 
For invasive staging, beyond the former gold stan-
dard mediastinoscopy, transbronchial fi ne-needle 
aspiration (FNA), endoscopic oesophageal ultra-
sound-guided FNA ( EUS- FNA) and endobron-
chial ultrasound-guided FNA (EBUS-FNA) have 
been established (De Leyn et al.  2006 ) in recent 
years, with improving test sensitivity and specifi c-
ity (Tofts et al.  2013 ). However, it should be clear 
that none of the invasive methods are able to inves-
tigate all nodal stations of the mediastinum and 
that all methods suffer from a certain observer bias 
related to biopsy success, which may reduce their 
sensitivity (Table  5.1 ) in comparison to literature 
data (Tofts et al.  2013 ). Furthermore, biopsies are 
usually only taken from treatment-relevant areas 
and not from all areas which could be reached by 
the respective method.
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   Concerning the communication of biopsy fi nd-
ings, in comparison to imaging, postoperative stag-
ing and transfer into target volumes, the anatomical 
classifi cation of nodal stations originally proposed 
by Mountain and Dresler ( 1997 ) is of great help. Its 
standardised use in a lung cancer treatment facility 
will improve patients’ outcome, as it will help to 
avoid geographical miss. An overview of the 
Mountain-Dresler stations is displayed in Table  5.1  
and Fig.  5.1 . For radiotherapy treatment planning 
purposes, a very helpful interdisciplinary atlas has 
been provided by the University of Michigan 
(Chapet et al.  2005 ), describing detailed anatomi-
cal borders for all relevant nodal stations.   

5.2.2     Normal Tissues 

 Normal tissues in the chest, including the healthy 
lungs, oesophagus, heart, brachial plexus and 
spinal cord, are often limiting the dose of radio-
therapy. These dosimetric limits globally guide 

daily practice, but delineation itself is often not 
standardised between institutions. Some research 
groups like the EORTC and RTOG have there-
fore initiated standardisation of OAR delineation 
within their protocols. Evaluation of planning 
data has shown that the effect of varying OAR 
delineations on treatment planning can be signifi -
cant and will infl uence treatment decisions and 
outcome both in clinical trials and daily routine 
practice (Collier et al.  2003 ). In this context, 
delineation atlases have been published, which 
provide guidelines for normal tissue contouring 
(Kong et al.  2011 ; Feng et al.  2011 ). 

 Standardised delineation is clearly linked to 
the use of guideline dose/volume restrictions for 
treatment plan optimisation and evaluation. Most 
reliable data hereon can be derived from the 
QUANTEC reviews (see below) and actual treat-
ment protocols, as shown in Table  5.2  for con-
ventional fractionated radiotherapy and in 
Table  5.3  for SBRT.

5.2.2.1        Lung 
 The lung is the largest and the most radiosensi-
tive organ in the chest and thus it is frequently the 
dose-limiting organ. Numerous publications 
have addressed the importance of dosimetric and 
clinical parameters in the context of radiation-
induced lung toxicity (RILD) (Marks et al.  2010 ). 
This disease appears in two phases with an acute 
phase within several weeks after treatment initia-
tion, followed by an irreversible fi brosis which 
usually appears weeks to months after radiother-
apy. Both may be life threatening and only symp-
tomatic treatment is available. For the prediction 
of toxicity, clear dose-response and volume and 
fractionation effects have been shown, and mul-
tiple clinical factors like age, smoking habits and 
chemotherapy are known to infl uence the risk. 
However, the clinical factors do not adequately 
characterise patients at high risk for RILD 
(Dehing- Oberije et al.  2009 ), and therefore most 
groups use radiotherapy-derived parameters as 
surrogates, in order to adjust the radiotherapy 
plans. Among these, most commonly used are 
V20 (representing the relative lung volume 
receiving more than 20 Gy) and the mean lung 
dose (MLD). It should be noted that although 
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  Fig. 5.1    Schematic illustration of the main Mountain- 
Dresler lymph node stations       
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         Table 5.2    Dose constraints for normal tissues in the chest as used for conventional radiotherapy (fraction dose 1.8–2.0 Gy) 
according to study protocols and literature reports   

  Lung    Sources  
 V20 Gy (for lungs minus GTV)  ≤30–35 %  QUANTEC (Marks et al.  2010 ) 

 ≤35 %  PET-Plan a  
 V20 Gy (for lungs minus CTV)  ≤37 %  RTOG 0617 a  
 V20 Gy (for lungs minus PTV)  ≤30 %  RTOG 0117 a  

 ≤35 %  Convert a  
 ≤31 % after lobectomy  LungART a  
 ≤22 % after pneumectomy 

 V20 Gy (combined lung volume)  <35 %  RTOG 0972/CALGB 36050 a  
 Mean lung dose (MLD) (for lungs 
minus GTV) 

 ≤20–23 Gy  QUANTEC (Marks et al.  2010 ) 
 <20 Gy  PET-Plan, a  PET-Boost a  

 Mean lung dose (MLD) (for lungs 
minus CTV) 

 ≤20 Gy  RTOG 0617 a  

 V5 Gy  ≤65 %  Jo et al. ( 2014 ) 
  Oesophagus    Sources  
 Mean oesophageal dose (MED)  ≤34 Gy  RTOG 0117 a  

 RTOG 0617 a  
 PET-Plan a  

 V35 Gy  <80 %  PET-Boost a  
 V55 Gy  ≤30 %  RTOG 0117 a  

 PET-Plan a  
 Volume dose  >40–50 Gy: risk of acute oesophagitis  QUANTEC (Werner-Wasik et al.  2010 ) 
 Maximum dose (segment)  74 Gy  QUANTEC (Werner-Wasik et al.  2010 ) 
  Heart    Sources  
 Whole organ  ≤40 Gy  RTOG 0117 a , RTOG 0617 a  
 V25 Gy  <10 % (<1 % risk of cardiac mortality)  QUANTEC (Gagliardi et al.  2010 ) 
 V35 Gy  ≤30 %  LungART a  
 V40 Gy  ≤50 %  PET-Plan a  
 V45 Gy  <2/3 of heart  RTOG 0617 a  
 V60 Gy  <1/3 of heart 
 V50%  <33 Gy  Convert a  

 ≤50 % of total (PTV) dose 
 Maximum dose  0.5 cc ≤76 Gy  PET-Boost a  
  Spinal cord    Sources  
 Maximum point dose (0.5 cc)  ≤45 Gy  RTOG 0117 a  

 LungART a  
 ≤48 Gy  Convert a  

 PET-Plan a  
 ≤50 Gy  RTOG 0972/CALGB 36050 a  
 ≤50.5 Gy  RTOG 0617 a  
 ≤51 Gy  PET-Boost a  

 Risk of myelopathy by dose 
(full-thickness cord including cord 
cross section) 

 50 Gy: 0.2 %  QUANTEC (Kirkpatrick et al.  2010 ) 
 54 Gy <1 % 
 60 Gy: 6 % 
 61 Gy <10 % 
 69 Gy: 50 % 

  Brachial plexus    Sources  
 Maximum point dose  ≤60 Gy  Forquer et al. ( 2009 ) 

 ≤66 Gy  PET-Boost a  

   a Study protocols  

5 Lung Cancer



96

          Table 5.3    Dose constraints for normal tissues in the chest as used for stereotactic body radiotherapy (SBRT; fraction 
dose >5 Gy) according to study protocols and literature reports   

  Lung    Sources  
 Volume constraints (for 
lungs minus GTV) 

 <1,500 cc V12.5 Gy  5 fx  RTOG 0813 
 <1,000 cc V13.5 Gy  5 fx 

 V20 Gy  ≤10 %  3 fx  RTOG 0618 
  Oesophagus    Sources  
 Maximum dose/volume 
constraints 

 ≤27 Gy  3 fx  RTOG 0618 a  
 1 cc ≤24 Gy (3 fx)  3 fx  ROSEL a  
 1 cc ≤27 Gy  5 fx 
 <5 cc ≤ V27.5 Gy (nonadjacent wall)  5 fx  RTOG 0813 a  
 0.5 cc ≤40 Gy  8 fx  EORTC 22113-08113 LungTech a  

  Heart (or pericardium)    Sources  
 Maximum dose/volume 
constraints 

 ≤30 Gy  3 fx  RTOG 0618 a  
 1 cc ≤24 Gy  3 fx  ROSEL a  
 1 cc ≤27 Gy  5 fx 
 <15 cc ≤ V32 Gy  5 fx  RTOG 0813 a  
 0.5 cc 63 Gy  8 fx  EORTC 22113-08113 LungTech a  

  Spinal cord    Sources  
 ≤18 Gy  3 fx  RTOG 0618 a  
 Any point ≤18 Gy  3 fx  ROSEL a  
 Any point ≤25 Gy  5 fx 
 30 Gy  5 fx  RTOG 0813 a  
 <0.25 cc ≤ V22.5 Gy 
 <0.5 cc ≤ V13.5 Gy 
 0.5 cc 32 Gy  8 fx  EORTC 22113-08113 LungTech a  

  Brachial plexus (ipsilateral)    Sources  
 Maximum dose/volume 
constraints 

 ≤24 Gy  3 fx  RTOG 0618 a  
 1 cc ≤24 Gy  3 fx  ROSEL a  
 1 cc ≤27 Gy  5 fx 
 <3 cc ≤ V30 Gy  5 fx  RTOG 0813 a  
 ≤32 Gy 
 0.5 cc 38 Gy  8 fx  EORTC 22113-08113 LungTech a  
 ≤1 cc 15 Gy  1 fx  Forquer et al. ( 2009 ) 
 ≤1 cc 19 Gy  2 fx 
 ≤1 cc 22.95 Gy  3 fx 
 ≤1 cc 27 Gy  4 fx 
 ≤1 cc 31 Gy  5 fx 
 ≤1 cc 33.3 Gy  6 fx 

  Chest wall    Sources  
 Maximum dose  <30 cc V30 Gy  3–5 fx  Dunlap et al. ( 2010 ) 
  Skin    Sources  
 Maximum dose any point  ≤24 Gy  3 fx  RTOG 0618 a  
 Great vessels   Sources  
 Volume dose maximum  >10 cc ≤ V47 Gy  5 fx  RTOG 0813 a  
  Trachea and main stem bronchus    Sources  
 Maximum dose  ≤30 Gy  3 fx  RTOG 0618 a  

 1 cc ≤30 Gy  3 fx  ROSEL a  
 1 cc ≤32 Gy  5 fx 
 <4 cc (nonadjacent wall) ≤ V18 Gy  5 fx  RTOG 0813 a  
 0.5 cc 44 Gy  8 fx  EORTC 22113-08113 LungTech a  

   a Study protocols  
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certain levels (e.g. V20 <35 % or MLD <20 Gy; 
see Tables  5.2  and  5.3 ) have been considered 
“safe”, a relevant proportion of patients may still 
develop severe RILD after lower doses (De 
Ruysscher et al.  2010 ). 

 Furthermore, most toxicity data are derived from 
conventional 3D conformal radiotherapy, and solid 
data are lacking relating dosimetric parameters 
from modern IMRT techniques to toxicity. In this 
context, it has been suspected that large lung vol-
umes receiving low doses of  irradiation may be at 
risk for RILD (Kristensen et al.  2009 ). Some groups 
have therefore recommended a restriction of the V5 
(lung volume receiving more than 5 Gy) to, for 
example, 65 % (Jo et al.  2014 ). 

 For a reasonable use of dosimetric parameters, 
delineation of the lungs should be institutionally 
standardised. The volumes delineated should 
include both lungs (separately and jointly) minus 
the GTV and should exclude air spaces that do 
not contain lung tissue (like the trachea and main 
bronchi) and also the free air outside the lung. 
When automatic contouring algorithms are used, 
their results must be carefully checked before 
radiation plan optimisation to assure lower reces-
sus inclusion, to correct erroneous exclusion of 
lung volumes with increased density or to iden-
tify incorrect addition of right and left lungs.  

5.2.2.2     Oesophagus 
 When treating mediastinal pathology with esca-
lating doses, the importance of the oesophagus as 
a critical structure may even outpace the lungs. 
This is because in a serial normal tissue (as the 
oesophagus), small volume of late sequelae like 
ulcers and fi stulae may completely compromise 
otherwise benefi cial treatment effects. 

 According to a large body of literature, e.g. the 
QUANTEC data (Werner-Wasik et al.  2010 ), tran-
sient grade 3–4 oesophagitis is rare (<5 %) with 
conventionally fractionated radiotherapy alone but 
may rise up to 30 % in the context of concurrent 
radiochemotherapy for locally advanced NSCLC 
(Werner-Wasik et al.  2010 ; De Ruysscher et al. 
 2007 ). Multiple parameters, e.g. the mean oesoph-
ageal dose (MED), V20, V35, V50, etc., have been 
shown to correlate with the incidence of oesopha-
gitis (Werner-Wasik et al.  2010 ; De Ruysscher 

et al.  2007 ), of which the most robust parameter 
may be the MED (Table  5.2 ). Fortunately, grade 
3–4 oesophagitis generally heals within weeks 
after radio(chemo)therapy, and severe late effects 
will only occur in less than 1 % of cases. Therefore, 
the possibility to deliver curative radiochemother-
apy should be generally prioritised over the avoid-
ance of acute oesophagitis. In this context, current 
recommendations allow a rather high risk of acute 
oesophageal reactions. 

 In times of SBRT moving more close to the 
mediastinum, the risk of severe late oesophageal 
toxicity like strictures, fi stulae and ulcers after 
hypofractionated high-dose radiotherapy will be 
an issue (Table  5.3 ). Until now, there are only ret-
rospective estimates and case reports (Onimaru 
et al.  2003 ; Senthi et al.  2013 ) advocating caution 
with high hypofractionated doses applied to the 
oesophagus and calling for prospective clinical 
data collection. 

 For delineation, the oesophagus is a challeng-
ing organ with shifting morphological borders 
(related to deglutition and various fi lling) resulting 
in a large interobserver contour variability (Collier 
et al.  2003 ). The organ should be contoured using 
mediastinal windowing on CT including the 
mucosa, submucosa and all muscular layers out to 
the fatty adventitia. To assure accurate use of dose/
volume data for planning optimisation, the oesoph-
agus should always be delineated from the cricoid 
cartilage to the gastric entrance. The identifi cation 
of the organ may be eased by searching for air-
fi lled parts of the lumen and by the interpolation of 
contours in order to bridge areas of diffi cult detect-
ability. Furthermore, side by side reviews of the 
diagnostic CT scans can be of help. Barium swal-
lows with the planning CT have also been recom-
mended, although this could affect the dose 
computation and change the anatomic shape of the 
organ. For standardisation of oesophagus contour-
ing, again the use of an atlas like that of the 
University of Michigan (Kong et al.  2011 ) is 
recommended.  

5.2.2.3     Heart 
 The heart, whose radiosensitivity has been 
neglected for decades, is a complex organ with sev-
eral anatomical subvolumes resulting in various 
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and mainly late radiation-induced changes. 
Presently, there is only limited data relating dosi-
metric parameters with cardiac toxicity in patients 
with lung cancer (Gagliardi et al.  2010 ). Clinical 
factors like age, cardiovascular risk factors and 
comorbidities appear to increase the risk of injury. 

 Radiotherapy involving the heart has been 
shown to lead to a measurable increase in the risk 
of coronary artery disease (CAD) in breast cancer 
patients. In a prognostically favourable cohort of 
2,168 patients with a mean heart dose of 4.9 Gy, 
this risk starts already at very low doses with an 
increase of the risk of 7.4 % per Gy mean heart 
dose (Darby et al.  2013 ). Beyond CAD, other late 
effects like pericarditis, myocardial failure and 
valve dysfunction have been described (Gagliardi 
et al.  2010 ). Early effects may show up as arrhyth-
mias. According to the QUANTEC review 
(Gagliardi et al.  2010 ), in the context of partial 
irradiation, conservative (NTCP) model-based 
estimates predict that a V25 Gy <10 % (in 2 Gy 
per fraction) will be associated with a <1 % prob-
ability of cardiac mortality until 15 years after 
RT. However, the data supporting these fi gures 
have lots of weaknesses, among others the fact 
that they are all derived from the 2D or 3D plan-
ning era and that no subvolume informations are 
available. Therefore, the generation of prospec-
tive dose volume data with subvolume reporting 
in the situation of modern IMRT techniques will 
lead to a more solid estimation of risks and more 
robust dosimetric parameters for plan optimisa-
tion and evaluation. Present recommendations 
for planning restrictions concerning the heart in 
lung cancer patients are given in Tables  5.2  and 
 5.3  for conventional fractionation and SBRT, 
respectively. 

 For the delineation of the heart, various strate-
gies have been followed. Currently, contouring of 
the whole organ including the pericardium and 
the base of the organ is widely recommended, 
while isolated contouring of the left ventricle as 
the “only relevant structure” should be regarded 
obsolete. Contouring should start just below the 
level in which the pulmonary trunk branches into 
the left and right pulmonary artery and end infe-
riorly where the heart blends with the diaphragm 
(the heart apex). Even if there is no heart muscle 
visible within the pericardium, this should be 

included in the contours, as cardiac vessels run in 
the fatty tissue (Feng et al.  2011 ). In order to gen-
erate data for subvolume effects, the additional 
contouring of certain subvolumes like the coro-
nary arteries or the valves followed by toxicity 
evaluation will be of great help. 

 For contouring the whole organ in clinical 
routine, again an atlas published by the University 
of Michigan is a useful tool (Feng et al.  2011 ).  

5.2.2.4     Spinal Cord 
 The spinal cord tolerance, like in other organs, is 
a sliding scale, complicated by the fact that due 
to extremely careful prescriptions, reports on 
radiotherapy- induced spinal toxicity are very 
rare. The estimated risk of myelopathy to the 
full- thickness cord is <1 % after 54 Gy and 
<10 % after 61 Gy of conventionally fraction-
ated radiotherapy (Kirkpatrick et al.  2010 ). 
Among the factors that are most commonly 
described to infl uence the incidence of myelopa-
thy are dose, fractionation and treated volume 
(Tables  5.2  and  5.3 ). Unfortunately, the symp-
tomatic treatment currently available for spinal 
cord radiation- induced toxicity is nonspecifi c 
and of limited effi cacy. Due to the very severe 
impairment of quality of life by radiation-
induced myelitis, tight restrictions of the maxi-
mum dose are standard for treatment planning 
and evaluation (Tables  5.2  and  5.3 ). 

 In lung cancer patients, the challenge of re- 
irradiation may arise. Concerning the spinal cord, 
solid literature-based recommendations by 
Nieder et al. are available (Nieder et al.  2006 ). In 
their analysis, no case of radiation myelopathy 
was observed, when the BED of each RT series 
was below 98 Gy 2 , with cumulative BED below 
120 Gy 2  (i.e. 60 Gy/2 Gy), and a minimum inter-
val of 6 months had been respected between RT 
series. 

 For a safe contouring of the spinal cord, which 
may not be clearly depicted by the planning CT 
and whose position within the spinal canal may 
vary, the bony limits of the spinal canal are con-
sidered suitable landmarks. They should be used 
for routine contouring as most of the published 
clinical data refer to this kind of reference. With 
IMRT, the spinal canal should be contoured 
through the entire planning CT, in order to avoid 
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spinal cord radiation from a direction which may 
not be accounted for by the radiation oncologist.  

5.2.2.5     Brachial Plexus 
 Neurotoxicity of the brachial plexus has been 
more often described among patients with breast 
cancer (Delanian et al.  2012 ) who received radio-
therapy, but some reports are also available for 
lung cancer patients leading to the current recom-
mendation to restrict the maximum dose to 66 Gy 
in conventional fractionation (Table  5.2 ). Forquer 
et al. ( 2009 ) reported stereotactic body radiother-
apy for apical lesions carrying a risk of brachial 
plexopathy. In their analysis, different grades of 
brachial plexopathies were noticed in 7/37 
patients who received SBRT for apical lung 
malignancy. Based on these data, the authors sug-
gested to restrict the maximal brachial plexus 
dose to less than 27 Gy, delivered in 3–4 fractions 
(Table  5.3 ). However, there may be cases where 
even a relatively high risk of a brachial plexus 
toxicity may be acceptable in order to achieve 
tumour control. 

 Contouring of the brachial plexus remains a 
challenge, due to poor visualisation on planning 
CTs and signifi cant changes in regional morphol-
ogy related to arm positioning. Contouring tech-
niques and landmarks have been previously 
described in the University of Michigan atlas 
(Kong et al.  2011 ). Generally, the brachial plexus 
is situated within the fatty tissue between scalene 
musculature and subclavian vessels extending in 
craniocaudal direction from C4/C5 to T1/T2 
nerve roots.  

5.2.2.6     Chest Wall 
 Unlike the situation in conventional radiotherapy of 
lung cancer where chest wall toxicity is negligible, 
in SBRT the chest wall and ribs are considered 
organs at risk. In an analysis of 46 consecutive 
patients, Taremi et al. identifi ed dose, age and 
female gender as risk factors for the development of 
chest wall toxicity after SBRT (Taremi et al.  2012 ). 
Approximately 5 % of patients will suffer from rib 
fractures after 3 × 9 Gy given to a 2 cm 3  chest wall 
volume (Pettersson et al.  2009 ). Therefore a dose of 
less than 30 Gy, delivered in 3–5 fractions on less 
than 30 cm 3 , has been recommended, to limit chest 
wall toxicity (Dunlap et al.  2010 ). 

 The chest wall should be delineated including 
the ribs and intercostal muscles but excluding the 
other muscles and skin. If possible it may be 
auto-segmented starting from the corrected lung 
edges with a 2 cm expansion in anterior, posterior 
and lateral directions (Kong et al.  2011 ).  

5.2.2.7     Central Mediastinal Structures 
in SBRT 

 Beyond the oesophagus and heart, in times of 
high-dose hypofractionated radiotherapy moving 
closer to the midline structures, organs will be at 
risk, whose toxicity has not played a major role in 
times of conventional fractionation. The observa-
tion of severe bronchial stenosis and fi stula as late 
as >2 years after >80 Gy (Miller et al.  2005 ) and a 
high rate of fatal toxicities after SBRT to central 
tumours (Timmerman et al.  2006 ) have led to a 
“no-fl y zone” of 2 cm around the bronchial tree. 
However, the benefi cial results of SBRT to periph-
eral lung tumours call for the propagation of these 
concepts also for central tumours. The VU 
Amsterdam group has published a thorough 
review of reported toxicities after SBRT of central 
tumours showing a rate of 8.6 % grade III/IV tox-
icity and a 2.7 % rate of treatment-related mortal-
ity (Senthi et al.  2013 ). However, due to the 
retrospective character of this study and multiple 
confounding comorbidities in patient cohorts, the 
risk of severe toxicity may be underestimated 
(Nestle et al.  2013 ). At present, no clear constraints 
for central mediastinal structures can therefore be 
given except historical estimates and those which 
are presently included in several ongoing interna-
tional multicentre trials on this question (e.g. 
EORTC 22113- 08113 LungTech or RTOG 0813; 
Table  5.3 ). The fi nal results of these large studies 
are expected to provide a better insight into the 
outcome and toxicity of such treatment concepts.    

5.3     Pathology of Tumour Spread 

 The most recent 7th edition of TNM and ISS 
classifi cation for lung cancer (Goldstraw et al. 
 2007 ) is proposing a complex description of the 
primary tumour according to its size, location 
and multicentricity. For regional nodal involve-
ment, ipsi- or contralaterality of metastatic nodes 
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with respect to the primary tumour remains pre- 
eminent, while M staging has also been revised to 
better refl ect treatment options (Tables  5.4  and 
 5.5 ). An additional classifi cation to account for 
nodal size and diagnostic pathways has been pro-
posed by Robinson and Ruckdeschel, refi ning N2 
lymph node staging (Robinson et al.  2007 ). This 
subclassifi cation of locally advanced disease has 
proved relevant for the therapy decision-making: 
surgical resection and neoadjuvant or defi nitive 
radiochemotherapy (Table  5.6 ).

     According to actual recommendations 
(Goeckenjan et al.  2010 ), staging of small cell 
lung cancer should also follow the TNM catego-
ries. The treatment-relevant distinction between 
“limited” and “extensive” disease, for which 
multiple defi nitions have been proposed in the 
past, should nowadays be made by M0 vs. M1 
stage, i.e. between UICC stages III and IV. 

 The T, N and M categories, ISS stages and 
Robinson classifi cation of stage IIIA N2 for lung 
cancer are shown in Tables  5.4 ,  5.5  and  5.6 .  

    Table 5.4    TNM classifi cation for lung cancer (7th edition; 2009)   

  Primary tumour (T)  
 T1  Tumour 3 cm or smaller and surrounded by lung or visceral pleura or endobronchial tumour distal to the lobar 

bronchus, without bronchoscopic evidence of invasion more proximal than the lobar bronchus (i.e. not in the 
main bronchus) 
 T1a: tumour ≤2 cm 
 T1b: tumour >2 cm and ≤3 cm 

 T2  Tumour greater than 3 and up to 7 cm 
 T2a: tumour >3 cm and ≤5 cm 
 T2b: tumour >5 cm and ≤7 cm 
  or  

 Invasion of the visceral pleura 
 Atelectasis or obstructive pneumonitis that extends to the hilar region but involves less than the entire lung 
 Involvement of the main bronchus ≥2 cm or more distal to the carina 

 T3  Tumour greater than 7 cm 
  or  
 Tumour with atelectasis or obstructive pneumonitis of the entire lung 
 Tumour in the main bronchus within 2 cm of the carina but without involvement of the carina 
 Tumour invasion of nonvital structures such as the parietal pleural chest wall (including superior sulcus 
tumours), mediastinal pleura, diaphragm, phrenic nerve, parietal pericardium 
 Separate tumour nodule(s) in the same lobe as the primary tumour 

 T4  Tumour of any size with 
   Invasion of (vital) mediastinal structures: mediastinum, heart, trachea, oesophagus, great vessels, recurrent 

laryngeal nerve, carina or vertebral body 
   Separate tumour nodule(s) in a different ipsilateral lobe to that of the primary tumour 

  Lymph node metastases (N)  
 N0  No locoregional lymph node metastases 
 N1  Ipsilateral peribronchial and/or ipsilateral hilar nodes and/or intrapulmonary nodes and/or involvement of 

lymph node regions by direct invasion of primary tumour 
 N2  Ipsilateral mediastinal and/or subcarinal lymph node metastases 
 N3  Contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene or supraclavicular lymph node 

metastases 
  Distant metastasis (M)  
 M0  No distant metastasis 
 M1  Distant metastasis 

 M1a: Separate tumour nodule(s) in a contralateral lobe or tumour with pleural nodules or malignant pleural or 
pericardial effusion 
 M1b: Distant metastasis (in extrathoracic organs) 
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5.4        Visualisation 

 In accordance with other groups, the actual 
German S3 guideline (Goeckenjan et al.  2010 ) 
recommends the following imaging procedures 
before curative treatment of lung cancer patients:
•    Computed tomography of the chest with i.v. 

contrast  
•   MRI of the brain and MRI of the chest in cases 

of sulcus superior tumours  

•   FDG-PET/CT, in case of positive fi ndings 
deciding treatment supplemented by invasive 
nodal staging    
 In the context of radiotherapy planning, these 

imaging methods are also the mainstay of target 
volume delineation. For any imaging used for 
this purpose within the planning process beyond 
side by side viewing, some additional require-
ments have to be met:
•    Patient positioning should be in stable treat-

ment position. For lung cancer, this would 
usually be a supine position with the arms 
above the head (possibly supported by arm 
support), as this permits the widest choice 
for beam access. For SBRT planning, immo-
bilisation requirements are more strict, and 
any planning scans should defi nitely be in 
the individualised institutionally stan-
dardised positioning aids (De Ruysscher 
et al.  2010 ).  

•   A defi ned approach to tumour motion should 
be given (see also below). While standard 
diagnostic imaging in deep inspiration is not 
suitable for use in RT treatment planning, 
“conventional” imaging in free breathing 
should also be avoided in the curative situa-
tion. The ideal imaging is the mid-breathing 
position scan from a 4D acquisition (see 
below).    
 Clinical and radiological follow-up imaging 

should ideally be acquired in or at least seen by 
the treating centre. Hereby, misunderstandings 
in the interpretation of treatment-induced 
radiological changes can be minimised. The 
standard follow- up scan will always be a chest 
CT, if necessary supplemented by other imag-
ing like PET/CT. To account for early radia-
tion-induced chances, especially of the lung, a 
fi rst scan after 3 months should be done, fol-
lowed by half-yearly scans for the cases treated 
with curative intent. It should be kept in mind 
that, especially after SBRT, radiation-induced 
changes could appear years after treatment and 
may mimic local tumour recurrence (Huang 
et al.  2012 ) (Fig.  5.2 ). Therefore, a thorough 
evaluation in the context of prior RT planning 
and dose delivery will help to avoid unneces-
sary concerns for the patient.  

    Table 5.5    ISS stage and TNM   

 ISS  TNM 

 I a  T1a N0 M0 
 T1b N0 M0 

 I b  T2a N0 M0 
 II a  T1a N1 M0 

 T1b N1 M0 
 T2a N1 M0 
 T2b N0 M0 

 II b  T2b N1 M0 
 T3 N0 M0 including separate tumour nodule(s) 
in the same lobe as the primary tumour 

 III a  T4 N0–1 M0 including separate tumour 
nodule(s) in the ipsilateral lung but not in the 
same lobe as the primary tumour 
 T3 N1 M0 including separate tumour nodule(s) 
in the same lobe as the primary tumour 
 T1–3 N2 M0 including separate tumour 
nodule(s) in the same lobe as the primary tumour 

 III b  T3 N3 M0 including separate tumour nodule(s) 
in the same lobe as the primary tumour 
 T4 N2 M0 including separate tumour nodule(s) 
in the ipsilateral lung as the primary tumour 
 Any T, N3 M0 

 IV  Any T, any N, M1a–b including malignant 
pleural or pericardial effusion 

    Table 5.6    Subclassifi cation of stage IIIA N2 (Robinson 
et al.  2007 )   

 IIIA1  Incidental nodal metastases found on fi nal 
pathology examination of the resection 
specimen 

 IIIA2  Nodal (single station) metastases recognised 
intraoperatively 

 IIIA3  Nodal metastases (single or multiple stations) 
recognised by prethoracotomy staging 
(mediastinoscopy, other nodal biopsies or PET 
scan) 

 IIIA4  Bulky or fi xed multistation N2 disease 
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5.4.1     Computed Tomography (CT) 

 For initial diagnosis, staging and follow-up of 
patients with lung cancer, CT with i.v. contrast 
remains the diagnostic mainstay. Beyond endo-
scopic information, the determination of T stage 
mainly depends on CT appearance of the primary 
tumour. Giving its excellent resolution and good 
tissue contrast, CT evaluation provides valuable 
tumour morphologic details, and therefore it 
should always be performed before more inva-
sive staging procedures. In the diagnosis of soli-
tary pulmonary nodules, CT-based signs of 
malignancy like spiculae or size increase on fol-
low- up scans play an important role in differenti-
ating benign nodes from those needing 
intervention. Overall, the specifi city of CT for 

the detection of intrapulmonary nodes is very 
high, but its specifi city is rather low (Wahidi 
et al.  2007 ). 

 For nodal staging, the criterion for malignancy 
is the size of the node, which obviously leads to a 
rather low sensitivity and specifi city (Wahidi 
et al.  2007 ; MacDonald and Hansell  2003 ). 
A prior meta-analysis has reported sensitivity 
and specifi city of 62 %, when a CT-derived mor-
phologic criterion (>10 mm in the short axis of 
the node) was considered as a discriminator for 
nodal involvement (de Langen et al.  2006 ). 

 A chest CT to be used for treatment planning 
for a lung cancer patient should always include 
the whole circumference of the patient in the 
treatment region. It should contain the whole lung 
volume and extend from the larynx to the upper 

a

c

b

  Fig. 5.2    Radiation-induced changes after SBRT. ( a ) 
Axial FDG-PET and corresponding CT scans of a patient 
with a malignant pulmonary lesion in the left upper lobe 
( red circle ) before SBRT with dose distribution displayed 

in ( b ). ( c ) PET/CT scan 11 months after treatment with 
severe dense pulmonary alterations within the high-dose 
area showing moderate FDG uptake in the fi brosis in the 
left upper lobe       
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abdomen. A slice thickness of 2–3 mm has been 
recommended (De Ruysscher et al.  2010 ), as the 
quality of the resulting digitally reconstructed 
radiographs (DRRs) will then allow high- 
precision patient repositioning for treatment veri-
fi cation (Hurkmans et al.  2009 ). Furthermore, the 
use of intravenous contrast enables improved 
delineation of mediastinal structures (Van Sornsen 
de Koste et al.  2003 ) clearly outperforming small 
disadvantages concerning dose calculation. 

 As mentioned above, a planning CT should be 
acquired with a concept of how to cope with 
patient movement and positioning differences, 
expected during further treatment process. 
Planning CTs in free breathing should not be 
used, as the expansion of a random position of 
tumour and normal tissues by population-based 
margins may well lead to systematic errors 
(Slotman et al.  2006 ). Therefore, if ever avail-
able, a 4D planning CT, i.e. a CT scan acquired 
by respiratory gating, should be used. For about 
80 % of SBRT patients and for 60 % of patients 
with locally advanced lung tumours, the informa-
tion derived from a 4D CT will allow for smaller 
margins than population-based ones (Baba et al. 
 2009 ; Underberg et al.  2005 ). 

 Even the mid-ventilation scan from a 4D CT 
will improve target volumes, as it allows the cor-
rect addition of population-based margins. 
Beyond this, individual breathing margins like 
ITVs or a “mid-ventilation/average ventilation” 
concept (Wolthaus et al.  2008 ) can be used with 
such scans. If a 4D CT is not available, the plan-
ning CT should be taken in shallow breathing. 
Institutional standardised protocols using breath- 
hold CT, cardiac gating or respiratory tracking are 
possible for both planning and treatment imaging. 
However, gating and tracking are technically 
challenging and may only be of value for a small 
subgroup of patients with signifi cant motion and 
good compliance (De Ruysscher et al.  2010 ).  

5.4.2     Magnetic Resonance Imaging 

 Like in other parts of the body, MRI of the chest 
exhibits a more detailed soft tissue contrast as 
compared to CT. However, the movements of 

chest organs place challenges on image acquisi-
tion, which have for years prevented MRI from 
achieving an important role in the imaging of 
lung tumours. However, MRI proves superior to 
other morphologic imaging in the diagnosis and 
evaluation of chest wall infi ltration, spinal cord 
involvement or superior sulcus tumours 
(MacDonald and Hansell  2003 ; Komaki et al. 
 2000 ; Puderbach et al.  2007 ).  

5.4.3     FDG-PET Imaging 

 During the past two decades, FDG-PET(-CT) has 
become a mainstay in the diagnosis and treat-
ment planning of lung cancer patients. The diag-
nostic superiority of FDG-PET/CT over CT 
alone concerning N and M staging for NSCLC 
has been demonstrated by numerous studies, 
compiled in several meta-analyses (Dwamena 
et al.  1999 ; Hellwig et al.  2009 ). Here, FDG- 
PET/CT exhibits a higher specifi city and sensi-
tivity compared to CT. 

 For the evaluation of indeterminate lung 
lesions, the sensitivity and specifi city range from 
79 to 96 % and from 40 to 83 % (Hellwig et al. 
 2009 ). FDG-PET is the non-invasive method 
with the highest diagnostic accuracy for this 
question. The main limitation of FDG-PET in the 
evaluation of lung nodules is false-positive FDG 
uptake at infl ammatory sites and with granulo-
matous diseases (e.g. sarcoidosis), leading to 
decreased specifi city. Another shortcoming for 
PET imaging is represented by false-negative 
results and decreased sensitivity when dealing 
with small tumours or lesions with decreased 
FDG avidity (e.g. lepidic tumours). 

 For the detection of mediastinal involvement, the 
role of FDG-PET is very well established. Several 
large series (Hellwig et al.  2009 ) have reported a 
higher overall sensitivity of 83 % for PET when 
compared to 56 % for CT. Adjusting for morpho-
logical CT fi ndings, the sensitivity on PET imaging 
was 91 % for the enlarged nodes and 70 % for nor-
mal appearing ones. The overall specifi city is also 
favourable to FDG metabolic imaging when com-
pared to CT (89 % versus 81 %, respectively). 
Interestingly, when it was adjusted for nodal size, 
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the specifi city of FDG- PET was 70 % for patho-
logical appearing nodes and 94 % for the normally 
sized ones. These results should be viewed in per-
spective with mediastinoscopy, which has shown an 
overall sensitivity of 78 % (82 % when the CT scan 
shows enlarged lymph nodes and 42 % for normal- 
sized lymph nodes) and overall specifi city of 100 %. 
However, unlike PET scans, mediastinoscopy does 
not survey all potentially involved nodes. As the 
negative predictive value of FDG-PET for mediasti-
nal involvement is about 90 %, while the positive 
predictive values are lower (Hellwig et al.  2009 ), 
current guidelines recommend to biopsy FDG-
positive lesions, if they are crucial for treatment 
decisions (Goeckenjan et al.  2010 ). 

 A larger summary of FDG-PET data was pub-
lished by Gambhir et al. ( 2001 ). They evaluated 53 
clinical trials published between 1993 and 2000, 
which included 4,005 patients with lung cancer. In 
those studies, the average FDG-PET sensitivity 
and specifi city were 83 and 91 %, respectively, 
whereas for CT they were 64 and 74 %, respec-
tively. Of 1,565 patients evaluated, modifi cation of 
treatment strategy following FDG-PET staging 
data was estimated at 37 %. The PLUS multicentre 
randomised trial compared the conventional 
workup with conventional workup plus FDG-PET 
in preoperative assessment of patients suspected 
for non-small cell lung cancer. FDG-PET pre-
vented unnecessary surgery in one out of fi ve 
(20 %) cases (van Tinteren et al.  2002 ). In patients 
with NSCLC scheduled for radiotherapy, PET 
scans revealed up to 24 % of cases with unex-
pected distant metastases, leading to signifi cant 
impact on therapy decision (MacManus et al. 
 2001 ). The presence of a PET scan before multi-
modal treatment of locally advanced NSCLC 
showed a higher prognostic impact than complete 
resection (Eschmann et al.  2007 ). 

 The potential use of FDG-PET for radiotherapy 
planning in lung cancer has been highlighted by 
numerous publications. Among several reasons for 
a positive impact of PET imaging, probably the 
most decisive ones are a higher accuracy for nodal 
staging as well as improved differentiation between 
tumour and atelectasis (Nestle et al.  2006 ). 
However, caution has to be taken when a PET scan 

shall be used for RT treatment planning. Here, a 
range of uncertainties related to technical (e.g. rela-
tive calibration between dose calibrator and PET 
scanner), physical (e.g. image reconstruction 
parameters), biological (e.g. motion, tumour het-
erogeneity) and analytical (e.g. region of interest 
defi nition method) factors have to be considered. 

 First of all, the scan should be taken timely 
before the start of treatment, as it has been shown 
that locally advanced NSCLC has a probability of 
progression of 32 % in 24 days (Everitt et al. 
 2013 ). A FDG-PET/CT scan taken after induction 
chemotherapy bears the risk of false- negative 
fi ndings leading to systematic errors in target vol-
ume delineation as the negative predictive value 
drops to 67 % (Hoekstra et al.  2005 ). Therefore, 
this situation should be avoided. If induction che-
motherapy is inevitable, a baseline scan should be 
taken before its onset. Furthermore, PET scans for 
RT treatment planning should be taken in treat-
ment position using approved quality controlled 
protocols and be rigidly coregistered. When PET 
scans shall be used for GTV contouring, a solid 
communication between nuclear medicine and 
radiation oncology physicians must be estab-
lished. Visual co-contouring of colleagues from 
both specialties, at the planning system using a 
diagnostically satisfactory window- level setting, 
has been shown to generate usable GTV contours 
(Doll  2014 ). Automated contouring methods as 
provided by PET manufacturers and RT planning 
software may speed up the contouring process, 
but they should be handled with caution after 
institutional-based calibration by phantom mea-
surements. More technical details and further rec-
ommendations for the use of PET/CT in RT 
planning can be found in the guideline provided 
by the German working group on nuclear medi-
cine and radiotherapy (Thorwarth et al.  2012 ).   

5.5     Target Volume Delineation 

 When discussing target volumes for radiotherapy 
of lung cancer, several distinctive clinical sce-
narios must be addressed: stereotactic body 
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radiotherapy (SBRT), neoadjuvant + defi nitive 
radiochemotherapy in NSCLC, adjuvant RT in 
NSCLC and radiochemotherapy in SCLC. 

5.5.1       SBRT 

 The advent of SBRT has in a way revolutionised 
radiotherapy for lung cancer. With modern high- 
precision techniques, very high rates of local 
control and cure can be achieved, which impres-
sively demonstrates the existing dose-effect 
relation in radiotherapy for lung cancer. SBRT 
is a well-established approach for patients with 
peripheral stage I NSCLC (Lagerwaard et al. 
 2008 ; Grutters et al.  2010 ). Even among patients 
beyond 75 years of age and those with multiple 
comorbidities, risk-adapted SBRT schemes 
showed no signifi cant acute toxicity and less 
than 10 % late grade III toxicity rates 
(Lagerwaard et al.  2008 ). Several prior studies 
have shown no signifi cant lung impairment after 
SBRT, which appeared overall a safety therapy 
approach (Harris et al.  1993 ; Kara et al.  2000 ; 
Giraud et al.  2000 ; Salguero et al.  2013 ). 
However, this method has been particularly 
established in patients with already impaired 
lung function or after pneumonectomy, which 
may mask a potentially unfavourable impact 
from radiation. 

 As outlined above, the safety limits of SBRT 
delivered to centrally located lung tumours have 
not been clearly answered yet. However, pres-
ently recruiting trials will hopefully shed more 
light on this matter. Another clinical scenario 
which merits attention and further investigation 
remains SBRT for larger lung tumours. 

 SBRT target volumes should be delineated 
in a 4D planning CT. The GTV will be delin-
eated comprising all macroscopic tumours. It 
has been shown that the subjective appreciation 
of lung tumour size and extension is dependent 
on window- level settings (Harris et al.  1993 ). 
The best concordance between measured and 
actual diameters and volumes was obtained by 
the following window settings:  W  = 1,600 and 
 L  = −600 for parenchyma and  W  = 400 and 

 L  = 20 for mediastinum. Although of high 
importance for pre- SBRT staging, the potential 
impact of (4D) FDG-PET/CT on target volume 
delineation for SBRT is unclear and may not be 
important in peripheral tumours. However, cur-
rent research will show if it may be of help in 
more central lesions. 

 The available literature reports deriving rec-
ommendations for GTV to CTV margins from 
surgical series in NSCLC suggest microscopic 
tumour extension beyond the macroscopic limits 
(Kara et al.  2000 ; Giraud et al.  2000 ). However, 
most series published on SBRT for lung tumours 
did not distinguish between GTV and CTV, with 
the argument that the dose delivered in volume 
surrounding the GTV may be still high enough 
to eradicate microscopic disease. However, it has 
been shown that microscopic disease extension 
may play a role in locoregional recurrence after 
SBRT and that this microscopic extension may 
be predicted by imaging parameters (Salguero 
et al.  2013 ). 

 To cope with movements, the most widely 
used approach is the delineation of an internal 
target volume (ITV) according to ICRU 62 
(ICRU  1999 ), i.e. the volume of presence of the 
tumour at any breathing phase (Fig.  5.3 ). 
Practically, the ITV can be generated by adding 
the GTVs from all or several relevant breathing 
phases of the 4D CT or by a maximum intensity 
projection (MIP)-based approach (Hurkmans 
et al.  2009 ). Most published data that were gen-
erated using this concept showed high rates of 
tumour control and low toxicity. However, with 
raising tumour size and higher mobility ampli-
tude, ITVs may expose large areas of normal 
lung to unnecessary radiation. In an effort to 
limit toxicity in this subgroup of patients, a sta-
tistical approach has been proposed (Wolthaus 
et al.  2008 ). Unfortunately, as it needs dedi-
cated software solutions, the statistical approach 
is yet to be widely disseminated in daily 
practice.  

 To adjust for set-up errors, institutionally veri-
fi ed PTV margins will then be added to the ITV or 
mid-ventilation/average ventilation volume. These 
margins usually account to several (3–5) mm.  
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5.5.2     Defi nitive and Neoadjuvant 
Radiochemotherapy of NSCLC 

 From the perspective of target volume delinea-
tion, the concepts of defi nitive or neoadjuvant 
radiochemotherapy of locally advanced NSCLC 
are essentially similar. Both are widely used in the 
curative approach for patients with locally 
advanced NSCLC, with differential indications 
regulated by multiple national and international 
guideline recommendations (Goeckenjan et al. 
 2010 ). Beyond this, the choice of therapy concept 
often depends on individual patient’s performance 
status and comorbidities as well as on the local 
treatment facilities and personnel availability. 

 For GTV defi nition, all available clinical and 
imaging information should be used, including 
endoscopy reports, results of invasive mediastinal 
staging (referring to the Mountain-Dresler sta-
tions; see above) and CT, MRI and/or PET fi nd-
ings. GTV delineated on planning CT should 
integrate all these informations, irrespective of 
their origin. By defi nition, safety margins and/or 
prophylactic volumes should not be a part of the 
GTV. Visually discernible tumour on CT should 
be delineated using the above-mentioned window- 
level settings ( W  = 1,600 and  L  = −600 for paren-
chyma and  W  = 400 and  L  = 20 for mediastinum). 
For PET-based GTV delineation, the procedural 
and technical recommendations given in Sects.  5.4  

a

b

  Fig. 5.3    Target volume delineation – SBRT. ( a ) 
Reconstructed coronal images from 4D PET/CT scan 
showing breathing movements of a NSCLC; the most cra-
nial and most caudal position is shown. ( b ) Delineation of 
the target volumes: to account for tumour movement by an 

ITV approach, GTVs are delineated in all relevant breath-
ing phases ( blue ), whose addition leads to the internal tar-
get volume (ITV,  red ). To generate the PTV ( pink ), an 
isotropic margin is added       
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and  5.5.1  should be applied in analogy. As out-
lined above (Sect.  5.4 ), PET may be particularly 
helpful to distinguish lung parenchymal atelectasis 
and to increase the diagnostic accuracy of nodal 
staging, especially for normal- sized or even invis-
ible lymph nodes. Therefore, in equivocal situa-
tions, a positive lymphatic structure on PET should 
always be included in the GTV, unless the FDG 
accumulation is beyond any doubt unrelated to 
malignancy. As the PET acquisition is typically 
performed during several breathing cycles, a 3D 
PET-derived volume intrinsically contains some 
motion information (Caldwell et al.  2003 ). 
However, in times of 4D PET/CT, concerns about 
the representativeness of this fact have been raised. 
As a generally accepted recommendation, the 
entire lesion volume with abnormal FDG uptake 
should be included in the GTV (Fig.  5.4a, b ). 

 To account for microscopic spread surrounding 
the primary lung tumour, traditional recommenda-
tions have proposed GTV to CTV margins of at 
least 6 mm. However, most actual protocols do not 
apply such large margins but rather 5 mm or no 
margin at all (Rosenzweig et al.  2005 ; De Ruysscher 
et al.  2008 ; Hayman et al.  2001 ). Furthermore, the 
treated volume may be tailored according to the his-
tology of the primary tumour (Giraud et al.  2000 ) or 
to the size of the lymph node (Yuan et al.  2007 ). In 
the absence of large trials to correlate GTV to CTV 
margins with pathological fi ndings and patient out-
come, the clinical relevance of this concept remains 
uncertain. When there is no obvious invasion 

through distinct anatomical compartments, for 
example, into adjacent bone or beyond the pleura, 
CTV delineation should be restricted to omit these 
normal tissues (De Ruysscher et al.  2010 ). 

 CTV concepts for mediastinal treatment have 
been changing over the years and still remain under 
discussion. In the past decades, when imaging stag-
ing of the mediastinum was unsatisfactory, elective 
nodal irradiation has been largely used as a routine 
clinical practice. However, in the absence of solid 
evidence for better nodal disease control or benefi -
cial outcome, this approach is probably unneces-
sary today (De Ruysscher et al.  2010 ). In a 
compliance analysis on 1,705 patients scheduled 
for elective nodal irradiation, it was shown that pro-
tocol adherence was irrelevant for prognosis 
(Emami et al.  2003 ). Hence, a newer CT-based 
adapted 3D CRT approach has emerged, demon-
strating selective nodal irradiation with a rather 
small number of outfi eld recurrences (Rosenzweig 
et al.  2007 ). Given the diagnostic superiority of 
FDG-PET, the metabolic information should be 
incorporated in the initial nodal GTV (Sura et al. 
 2008 ; De Ruysscher et al.  2005 ). As most available 
literature relates to diagnosis and irradiation of 
nodal stations, the nodal CTV for defi nitive and 
neoadjuvant radiotherapy should, beyond the nodal 
GTV, contain the whole anatomical Mountain-
Dresler stations, which are diagnosed as being 
tumour affected (Fig.  5.4 ).  

 The concepts of selective nodal irradiation 
have mainly been tested with 3D CRT, which may 

a b

  Fig. 5.4    Target volume delineation for defi nitive radio-
chemotherapy of NSCLC. Two axial slices of a radiother-
apy planning CT fused to FDG-PET scan in identical 
position for a PET-Plan study patient with NSCLC T2a 
N2 M0, located in the left upper lobe; PET-positive lymph 
nodes in lymph node stations 4L, 5, 6, positive biopsy of 

lymph nodes in 10L. ( a ,  b ) The GTVs of primary tumour 
and positive lymph nodes are marked in  yellow , the CTVs 
(including the whole tumour affected Mountain- Dresler 
stations) in  red . ( a ) CTV of lymph node stations 3A, 4L, 5 
and 6; ( b ) CTV of primary tumour and lymph node sta-
tions 4L, 5 and 10L (left hilum)       
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still provide relatively high unintended doses out-
side the CTV (Jeremic  2004 ). With expanding use 
of IMRT providing high-dose radiation with high-
precision application, the chance of local control 
with low toxicity rates will increase. Concerns 
that remain with this approach are that the outfi eld 
recurrences might again reach a relevant level, 
due to an approximate 10 % rate of false-negative 
nodes on staging diagnostic imaging (Hellwig 
et al.  2009 ). Current and future clinical trials will 
hopefully answer this question. 

 If elective nodal irradiation is to be employed 
beyond the obviously affected lymph nodal sta-
tions, the CTV should contain those stations which 
have been described in the literature to have >10 % 
risk of undetected (microscopic) spread (Giraud 
et al.  2006 ). According to the primary lung tumour 
location, the nodal stations with increased risk of 
involvement are summarised in Table  5.7 .

   The CTV to PTV margins are often chosen to be 
8–15 mm. They are applied to account for tumour 
motions, patient set-up and geometrical uncertain-
ties (Giraud et al.  2000 ; ICRU  1999 ). However, if 
available, 4D planning CT should be used (see 
Sects.  5.4  and  5.5.1 ), as it will enable the applica-
tion of individual breathing margins to the mid-
ventilation position of the GTV. In addition to the 
breathing margins, the set-up and positioning 
uncertainty should be adjusted by at least 5 mm. 

In case of the use of gating and/or tracking imag-
ing, individual margin concepts will need to be 
established institutionally. Manual PTV adapta-
tions should not be performed.  

5.5.3     Adjuvant Radiotherapy 
of NSCLC 

 Most patients who reach long-term survival after 
the diagnosis of NSCLC underwent a complete 
surgical resection, which is only achievable in 
about 30 % of cases. Moreover, the risk of local 
and distant failure is high even in this subpopula-
tion, urging for the addition of adjuvant treatment. 
In contrast to adjuvant chemotherapy, the advan-
tage of adjuvant radiotherapy of the mediastinum 
has only been shown in older, small populations 
and sometimes low-quality studies. This has led 
to the situation that while adjuvant chemotherapy 
has become standard in N1 and N2 disease, the 
indications for adjuvant radiotherapy are not com-
pletely clear and still subject to ongoing clinical 
trials. According to the results of the PORT meta-
analysis including old series with partly outdated 
dose and volume concepts (Le Pechoux  2011 ), 
postoperative mediastinal irradiation has showed 
a decreased overall survival, although the risk of 
locoregional recurrence and the survival among 
the pN2 subset were improved. Based on these 
data and supported by more favourable newer 
studies, some guidelines (Goeckenjan et al.  2010 ) 
and specialists from many centres do recommend 
adjuvant mediastinal irradiation in the pN2 cases 
and for incomplete resection (R1 situation). 

 When postoperative radiotherapy is planned, the 
initial position of the tumour as related to the central 
mediastinal structures should be known to the radia-
tion oncologist, as should be the detailed pathologi-
cal report and the results of preoperative mediastinal 
staging. Clips positioned by the surgeon further ease 
the identifi cation of the bronchial stump and areas of 
risk (Fig.  5.5 ). In case of R1 resection, the additional 
consultation of the surgeon for delineation of resid-
ual tumour volume may be of great help.  

 The CTV should always include the bronchial 
stump and the ipsilateral hilum. In addition, due to 
the frequent unexpected involvement of  ipsilateral 

   Table 5.7    LN regions with probability of affection of 
>10 % according to Giraud et al. ( 2006 ), which could be 
chosen as target regions for elective nodal irradiation 
in locally advanced NSCLC   

 Localisation of 
primary tumour  Elective nodal irradiation 

 Right upper lobe  1R  2R  4R  7  Right 
hilum 

 Middle lobe  1R  2R  4R  7  Right 
hilum 

 Right lower lobe  2R  4R  7  Right 
hilum 

 Right central  1R  2R  4R  7  Right 
hilum 

 Left upper lobe  1L  2L  4L  7  Left 
hilum 

 Left lower lobe  4L  7  Left 
hilum 

 Left central  1L  2L  4L  7  Left 
hilum 
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nodal stations 4 and 7, identifi ed on surgical series, 
it has been recommended to always include these 
locations within the CTV (Spoelstra et al.  2010 ). 
Beyond this, all lymph node areas with pathologi-
cally proved disease involvement should be ana-
tomically included in the CTV. It has been further 
recommended to include in the treated volume all 
nodal areas which appear unaffected but are 
located between noncontiguous involved lymph 
nodes. Again, the atlas of the University of 
Michigan can be of help in the anatomical identifi -
cation and delineation of the Mountain-Dresler 
stations (Chapet et al.  2005 ).  

5.5.4     Small Cell Lung Cancer 

 About 15–20 % of lung cancer patients are diag-
nosed with small cell lung cancer (SCLC). Of 
those, about 30 % have limited stage disease, i.e. 

UICC stage < IV with tumours that can be included 
by a tolerable radiotherapy target volume. 
Although outcome even in the limited stage of the 
disease is poor, there is a chance of cure when 
these patients are given combined radiochemo-
therapy, which is therefore the standard of care. 
Although prospective imaging data are less exten-
sive, staging and restaging of SCLC use more or 
less the same methods as in NSCLC. It has been 
shown that FDG-PET is diagnostically superior 
(Brink et al.  2004 ; Fischer et al.  2007 ; Pandit et al. 
 2003 ) and the accuracy for detection of nodal 
metastases is higher with PET than with CT. 

 While the optimum dose and fractionation 
regimes as well as the optimum timing of the com-
bination of radiation and chemotherapy are subject 
to clinical studies, there is not much evidence on the 
best way to delineate target volumes in SCLC. Thus 
an expert committee discussing the role of elective 
nodal irradiation concluded that the scope for 

a

c d

b

  Fig. 5.5    Target volume delineation – adjuvant radiother-
apy of NSCLC. ( a ) Preoperative CT scan of a patient with 
NSCLC in the right upper lobe, pT1a pN2 cM0, R0; his-
tologically positive lymph node in level 4R. ( b – d ) 

Postoperative planning CT with clips positioned by the 
surgeon. The CTV ( blue ) includes the bronchial stump 
( c ,  d ), the ipsilateral hilum ( d ) as well as the ipsilateral 
nodal stations 2R ( b ), 4R ( c – d ) and 7 ( d )       
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 high-level evidence in deciding on the place of ENI 
in SCLC is very limited (Videtic et al.  2008 ). 

 A Dutch study investigated the role of CT-based 
selective nodal irradiation in SCLC and showed 
a rate of 11 % isolated outfi eld recurrences (De 
Ruysscher et al.  2006 ). A follow-up study from the 
same group, using pretreatment FDG-PET- based 
nodal volumes, revealed a rate of only 3 % iso-
lated outfi eld recurrences with favourable toxicity 
profi le (van Loon et al.  2008 ). However, the evi-
dence is still limited and FDG-PET-based target 
volumes are merely experimental. Furthermore, 
in clinical routine, pretreatment FDG-PET scans 
are not always available due to the rapid tumour 
growth of many SCLC, urging for timely onset of 
chemotherapy. 

 Current trial protocols and guidelines (De 
Ruysscher et al.  2010 ) recommend to delineate 
a GTV at the time of RT planning (which may 
be after the onset of chemotherapy) including 
all gross disease (primary tumour plus involved 
nodes) at that time point (Fig.  5.6 ). For GTV 
delineation, all methods discussed for NSCLC 
are applicable, while post-chemotherapy PET 
should again be used with caution. For the 
CTV, it is recommended to include all the 
involved nodal regions at the time of initial 
diagnosis, if no evidence of progression is 
identifi ed until radiotherapy planning. Nodal 
areas should be anatomically delineated in 
concordance with the atlas of the University of 
Michigan (Chapet et al.  2005 ).       

a

c

b

  Fig. 5.6    Target volume delineation – small cell lung can-
cer axial CT scans of a patient at diagnosis of SCLC lim-
ited disease (cT3cN3cM0) ( a ), referred for mediastinal 
radiotherapy after 6 cycles of chemotherapy in partial 

tumour remission ( b ,  c ) RT planning CT with target vol-
ume delineation; the CTV ( purple ) includes the GTV and 
all nodal regions involved at the time of initial diagnosis       
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6.1           Anatomy 

 The liver nestles in the right dome of the 
 diaphragm in the hypochondrium. The dome 
projects to the 4th rib at maximal expiration and 
to the 7th rib at maximal inspiration at the  junction 
between the cartilage and the bone. One quarter 
of the organ is to the left of the median in the epi-
gastrium cranial of the stomach. The  caudal liver 
edge projects from the 10th rib on the right side to 
the 7th rib on the left side and moves perpendicu-
larly in the craniocaudal direction with respira-
tion. The liver is in close contact with the costal 
arch and therefore reaches up to the level of the 
pleural space. The costodiaphragmatic recesses 
reach the 7th rib in the front and at the 9th rib in 
the mid-axillary line. In the area of the 9th to the 
11th rib, the liver is outside the pleural area. 

 At the lower surface (facies visceralis), the 
gallbladder and the inferior vena cava intercalate 
deeply into the liver tissue creating the fi ssure 
sagittalis dextra. The peritoneal sulcus of the left 
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fi ssure is interrupted by the caudal process of the 
caudal lobe. The right liver fi ssure corresponds to 
the so-called Sérégé-Cantlie line that constitutes 
the border between the portal coverage area of 
the right and of the left liver lobe, and it groups 
the caudal lobe, the quadratic lobe and the left 
lobe into an entity. The intrahepatic  division of 
the branches of the portal vein creates a segmen-
tal subdivision. Most authors described four seg-
ments and eight subsegments. 

 The main branches of the portal vein have 
their own respective coverage areas and do not 
anastomose with each other. They are accompa-
nied by the branches of the A. hepatica propria 
and of the bile ducts. This so-called hepatic triad 
of pathways is responsible for the segmentation. 
The tributaries into the hepatic veins are separate 
from the triad and locate mostly to the border 
zones of the segments. 

 The right liver lobe has an anterior and a 
 posterior segment. In the left liver lobe, there is 
a medial and a lateral segment. The subsegments 
form by the subdivision of the branches of the 
portal vein into an upper and a lower 
sub-branch. 

 The eight liver segments (Fig.  6.1 ) can be 
localised in computed tomography following the 
topography of the liver veins and by the portal 
vein. Similar to the lung the respective segments 
are drained by the veins running intersegmentally. 
Usually, three main branches of the liver veins 
below the diaphragm drain in a star-shaped form 
into the inferior vena cava. Subdiaphragmatically, 
the right, middle and left liver vein can be iden-
tifi ed in one slice. These subdivide the liver into 
four vertical sectors which are further discrimi-
nated into two horizontal planes by the level of the 
portal vein. The left liver vein runs sometimes in 
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  Fig. 6.1    Illustration of the eight liver segments in selected slices of the liver from in a transversal CT scan. Numbers 
indicate the respective segments of the liver       
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the longitudinal fi ssure dividing the quadrate lobe 
(segment 4) from the left lateral segments 2 and 3. 
The middle liver vein is the border between the left 
and the right liver lobe marking a perpendicularly 
running plain which caudally ends in the bed of 
the gallbladder. The right liver vein subdivides the 
right lobe on one hand into the anterior segments 5 
and 8 and on the other hand into the dorsally situ-
ated posterior segments 6 and 7. The segments 7 
and 8 form the dome of the liver. The caudate lobe 
corresponds to  segment 1, draining via smaller 
veins directly into the inferior vena cava.  

 The grouping of the liver segments is inde-
pendent from the macroscopic architecture of the 
lobes that are essentially caused by the  peritoneal 
sulcus and by the liver fi ssures. The left sagittal 
fi ssure is caused by the venous ligament (Lig. 
arantii, a relic of an embryonal anastomosis 
between the portal vein and the inferior vena 
cava) and by the falciform ligament containing 
the obliterated umbilical vein (Lig. teres) in its 
caudal edge. The peritoneal duplications of the 
left hepatic fi ssure embrace the porta hepatis, and 
they represent the anatomic demarcation between 
the lobes subdividing the caudal surface into two 
regions: the hepatorenal space is to the right and 
the hepatogastric space is to the left. The caudal 
surface is completely covered by the peritoneum, 
and therefore it is mobile with respect to the 
neighbouring organs. The liver slides across the 
stomach on the left side and across the duode-
num, the colonic fl exure and the right kidney on 
the right side. The contact surfaces to these 
organs are recognised by corresponding impres-
sions of the caudal liver surface. 

 At the cranial surface of the liver (facies dia-
phragmatica), the falciform ligament divides into 
two sheets (Lig. coronarium or triangular hepatis 
dext. and sin.) enclosing a rhomboidal extraperito-
neal fi eld (area nuda or pars affi xa). In this area the 
inferior vena cava intercalates deeply the liver tis-
sue. Additionally the right adrenal and the cranial 
poles of the kidney are located in this area without 
peritoneal coverage. The pars affi xa almost entirely 
is in the centrum tendineum of the diaphragm, and 
it locks the liver in its position. The thoracic pull 
and the inferior vena cava that receives several 
liver veins in this area as well as the appendix 
fi brosa support this effective fi xation. 

 The demarcation of the area nuda is given by 
the two coronal ligaments (Lig. coronaria) run-
ning out into the ligament triangularia and then 
into the diaphragmal fascia. The peritoneal sul-
cus behind the liver is often tougher and is called 
Lig. hepatorenal or Lig. hepatocavoduodenale 
due to its location. 

 The pathways have a characteristic layout in 
the porta hepatis. The portal vein is posterior 
most, followed ventrally by the hepatic artery and 
its adventitial and vegetative neural plexus and by 
the extrahepatic bile ducts as well as the portal 
lymphatics. The liver veins do not open out into 
the porta hepatis but directly into the inferior vena 
cava in the area nuda. The arteries of the liver 
derive from the branches of the proper hepatic 
artery that takes its origin from the common 
hepatic artery and hence from the celiac trunk. 

 The lymphatic vessels of the liver mainly col-
lect in the porta hepatis, and they reach the celiac 
lymph nodes and the paraaortic nodes, the cis-
terna chyli and the thoracic duct. Additionally 
there is a subserous, superfi cial lymphatic system 
on one hand towards the retrosternal and to the 
anterior mediastinal lymphatics and on the other 
hand dorsally to the juxtacaval and the posterior 
mediastinal lymphatics.  

6.2     Pathology 

 Currently, the seventh edition of the UICC clas-
sifi cation is in use (Sobin et al.  2009 ). There is a 
classifi cation for hepatocellular carcinoma and 
one for intrahepatic bile ducts. Of relevance for 
radiotherapy in this context is also the classifi ca-
tion of the perihilar extrahepatic bile ducts. The T 
categories are: 

6.2.1     Hepatocellular Carcinoma 

•     T1: solitary tumour without vascular invasion  
•   T2: solitary tumour with vascular invasion  or  

multiple tumours, none more than 5 cm in 
greatest dimension  

•   T3: multiple tumours any more than 5 cm  or  
tumour involving a major branch of the portal 
or hepatic vein(s)
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 –    T3a: multiple tumours any more than 5 cm  
 –   T3b: tumour involving a major branch of 

the portal or hepatic vein(s)     
•   T4: tumour(s) with direct invasion of adjacent 

organs other than the gallbladder  or  with 
 infi ltration of visceral peritoneum    
 Together with the lymph node status 

 discriminating N0 (no regional lymph node 
metastasis) and N1 (regional lymph node metas-
tasis), this leads to the following stage grouping:

 Stage  T category  N category  M category 

 Stage I  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage IIIA  T3a  N0  M0 
 Stage IIIB  T3b  N0  M0 
 Stage IIIC  T4  N0  M0 
 Stage IVA  Any T  N1  M0 
 Stage IVB  Any T  Any N  M1 

6.2.2        Intrahepatic Bile Ducts 

•     T1: solitary tumour without vascular invasion.  
•   T2a: solitary tumour with vascular invasion.  
•   T2b: multiple tumours, with or without 

 vascular invasion.  
•   T3: tumour perforates the visceral peritoneum or 

directly invoked adjacent extrahepatic structures.  
•   T4: tumour(s) with periductal invasion.    

 Together with the lymph node status discrimi-
nating N0 (no regional lymph node metastasis) 
and N1 (regional lymph node metastasis), this 
leads to the following stage grouping:

 Stage  T category  N category  M category 

 Stage I  T1  N0  M0 
 Stage II  T2  N0  M0 
 Stage III  T3  N0  M0 
 Stage IVA  T4  N0  M0 

 Any T  N1  M0 
 Stage IVB  Any T  Any N  M1 

6.2.3        Extrahepatic Bile Ducts: 
Perihilar 

•     T1: tumour confi ned to the bile duct, with exten-
sion up to the muscle layer of fi brous tissue.  

•   T2a: tumour invades beyond the wall of the 
bile duct surrounding adipose tissue.  

•   T2b: tumour invades adjacent hepatic 
parenchyma.  

•   T3: tumour invades unilateral branches of the 
portal vein or hepatic artery.  

•   T4: tumour invades the main portal vein or its 
branches bilaterally, of the common hepatic 
artery, of the second-order biliary radicals 
bilaterally or unilateral second-ordered biliary 
radicals with contractual portal vein or hepatic 
artery involvement.    
 Together with the lymph node status discrimi-

nating N0 (no regional lymph node metastasis) 
and N1 (regional lymph node metastasis), this 
leads to the following stage grouping:

 Stage  T category  N category  M category 

 Stage I  T1  N0  M0 
 Stage II  T2a, T2b  N0  M0 
 Stage IIIA  T3  N0  M0 
 Stage IIIB  T1, T2, T3  N1  M0 
 Stage IVA  T4  N0, N1  M0 
 Stage IVB  Any T  Any N  M1 

6.3         Visualisation 

6.3.1     Computed Tomography 

 Computed tomography (CT) is the most widely 
used imaging technique because it is commonly 
available, fast and affordable. It is strongly rec-
ommended to acquire a CT with diagnostic qual-
ity, using breath holding to yield an anatomically 
correct image of the tumour without breathing 
distortion. This image set should then be com-
pleted with 4D imaging to incorporate the tumour 
motion. Unfortunately, liver CT is limited by its 
inherently low tissue/tumour contrast. Because 
of this, it is necessary to apply IV contrast in all 
obtained CT scans. The contrast dye will signifi -
cantly improve the tissue/tumour contrast and 
subsequently the ability to delineate the tumour. 
A recommended image resolution is 1 × 1 mm in 
a plane with a 2-mm slice thickness. 

 When using IV contrast, it is important to 
acquire the images during the right contrast phase 
according to the type of examined tumour. 

 Depending on histology, liver tumours may 
show a stronger  enhancement during the arterial 
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phase (~30 s after injection) and a lower enhance-
ment during the venous phase (~50–60 s after 
injection) and the late delayed phase (~180 s after 
injection) compared to the surrounding liver tis-
sue. This so-called washout phenomenon occurs 
faster in  primary hepatocellular carcinoma (HCC) 
than in metastases, making it necessary to acquire 
multiple- phase scans and choose the optimal 
image set for treatment planning afterwards. 

 There is also a signifi cant inter-patient 
 variability of contrast dye enhancement that can 
be accounted for by using a small test bolus of IV 
contrast preliminary to the actual scan to deter-
mine the best time for imaging after IV  contrast 
injection (Bruix and Sherman  2011 ). 

 It is also recommended to use oral contrast to 
facilitate the correct delineation of organs at risk, 
e.g. the stomach and the intestines. 

 Due to the differences in CT scanners, con-
trast dyes and workfl ows, injection protocols 
should be optimised for each institution before 
being used in clinical routine. 

 Another disadvantage of CT holds up 
 especially for intrahepatic cholangiocarcinoma 
(CCC). While there is a high sensitivity for detec-
tion on IV contrast-enhanced CT, the infi ltrative 
growth pattern of CCC hampers tumour delinea-
tion on the acquired images, thereby making alter-
native imaging (e.g. MRI) obligatory for target 
volume defi nition (Charbel and Al-Kawas  2011 ).  

6.3.2     MRI 

 Compared to CT, magnetic resonance imaging 
(MRI) offers a higher contrast in soft tissues, 
especially on non-enhanced scans (Bolog et al. 
 2011 ). The variety of available MRI sequences 
(e.g. T1, T2, diffusion and spectroscopy) 
allows for detailed conclusions about the size 
of the investigated lesion, its surrounding 
edema and infiltration into surrounding tissue 
which improves target volume delineation and 
protection of normal tissues. The development 
of multi- detector CT has recently caught up to 
MRI concerning sensitivity, but its flexibility 
in the use of the different sequences and the 
considerably higher ability to distinguish 
benign from  malignant lesions are still an unri-

valled advantage of MRI (Glockner  2007 ; 
Ariff et al.  2009 ). 

 As in CT, the application of IV contrast after 
native image acquisition further increases the 
 signifi cance and validity of the MRI scan. 
Most contrast dyes are based on gadolinium 
 compounds that depict the vascularisation of the 
investigated tissues. But more advanced agents 
like gadolinium ethoxybenzyl diethylenetri-
aminepentaacetic acid (Gd-EOB-DTPA), which 
are taken up specifi cally by liver cells, result in a 
tissue-specifi c contrast and make it possible to 
distinguish primary from secondary liver lesions. 
There are however some limitations to this 
method, because the cellular uptake of Gd-EOB-
DTPA depends on functionally unimpaired liver 
tissue. This is especially relevant in the diagnosis 
of HCC due to the cirrhosis that can be appreci-
ated frequently in these patients (Murakami et al. 
 2012 ). Another tissue-specifi c contrast agent is 
superparamagnetic iron oxide (SPIO), a sub-
stance that is taken up by the liver-immanent 
macrophages of the reticuloendothelial system, 
thereby leading to a negative contrast, particu-
larly against non-liver tissues. 

 Disadvantages of MRI include the longer 
image acquisition time, making 4D imaging 
more diffi cult and increasing the dependence on 
patient compliance. Furthermore it bears higher 
costs, and the narrow gantry can limit the use of 
other technical equipment (e.g. stereotactic body 
frame, abdominal compression, etc.).  

6.3.3     FDG-PET/CT 

 For reliable results, positron emission tomogra-
phy (PET) should be combined with a co- 
registered CT scan to offer a better anatomical 
correlation of tracer enhancement. However, the 
most commonly used tracer (Hallman et al.  2012 ) 
fl uorodeoxyglucose (FDG) shows a relatively 
poor sensitivity of 40–78 % for primary liver 
lesions and thus is not a useful tool for the 
improvement of target volume delineation 
(Goh et al.  2012 ; Corvera et al.  2008 ). But this 
does not hold up to the diagnosis of hepatic 
metastases, where FDG-PET/CT seems to be 
among the most reliable imaging techniques with 
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a sensitivity of up to 95 %, though it will usually 
not add signifi cant information to the target vol-
ume, if CT and MRI are already available (see 
also 6.5) (Sacks et al.  2011 ). The main use of 
FDG-PET/CT is therefore the search for nodal 
disease and distant metastases of the tumour in 
question – a very important role, especially in 
 stereotactic, locally curative treatments. In newer 
studies PET was also deemed useful in treatment 
follow-up, especially metabolic response evalua-
tion (Solanki et al.  2012 ).   

6.4     4D Imaging 

 The method uses 4D imaging (CT, MRI, PET) to 
compensate for tumour motion. The images 
should be acquired in different breathing phases 
of the patient to track the complete tumour move-
ment. Many liver tumours are only visible in CT 
with IV contrast, so identifi cation of the tumour 
on 4D scans can prove particularly diffi cult. Prior 

implantation of fi ducial markers can help to over-
come this restriction (Fig.  6.2 ). Alternatively, 
contrast phases. native cine MRI or 4D-FDG-
PET imaging are good solutions to the problem, 
the latter mostly for liver metastases. Also, the 
motion of surrogate landmarks, either anatomical 
(liver incisions/veins/boundary) or artifi cial ones 
(fi ducials, surgical clips) is useful for contouring 
of ITV and for IGRT. These surrogates should 
not be seated too far from the tumour because of 
the changing anatomical shape of the liver itself 
during the breathing cycle. Thus, markers directly 
adjacent or within the lesion lead to the most 
accurate results (Seppenwoolde et al.  2011 ). A 
well-suited marker will refl ect not only the trans-
lational movements of the target but also the rota-
tional component of the liver motion and is 
radiopaque to allow for image- guided radiother-
apy with cone-beam CT (CBCT) or fl uoroscopy. 
Furthermore it is recommended to use three or 
more markers in an appropriate distance to one 
another to enable  three- dimensional motion 

Gold fiducial markers

a

c

b

d

   Fig 6.2 Example of a gold fi ducial marker in (a) transveral, (b) sagittal, and (c) coronal plane of the planning CT. 
(d) Cone beam CT on treatment of the same patient with positioning of the patient to gold markers         
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assessment. To achieve optimal results, the 
obtained 4D scans should be co-registered to the 
planning CT during target volume delineation.   

6.5     Target Volume Delineation 

6.5.1     Gross Target Volume 
Delineation 

 Prior to delineation, all image sets (CT, MRI, 
PET, 4D sequences) should be co-registered, if 
technically possible with deformable registration. 
The tumour can then be demarcated according to 
its morphological properties. The basis should be 
an IV contrast-enhanced CT scan in the appropri-
ate contrast phase, as mentioned earlier. The 
additional information of a contrast- enhanced 
MRI can prove to be useful in case of isodense 
tumours or malignancies with an  infi ltrative 
growth pattern. If an MRI with the required qual-
ity is not clinically available, PET can facilitate 
delineation but also bears its own technical diffi -
culties like the correlation of the metabolic PET 
information to the anatomic position in the plan-
ning CT or the relatively high liver- background 
signal of some tracers (e.g. FDG). 

 It cannot be overstressed that careful evaluation 
of all available imaging is of highest importance. 
This includes previous scans during the course of 
the diseases and all available current imaging (CT, 
MRI, FDG-PET, ultrasound). Concerning CT 
imaging, it is important to actively modify the 
windowing of the scans individually for best visu-
alisation of the boundaries of a specifi c lesion.  

6.5.2     Clinical Target Volume 
Delineation 

 Because there is no general consensus in the pub-
lished literature, CTV defi nition depends heavily 
on specifi c protocols in individual treatment centres 
and the clinical experience of the radiation oncolo-
gist. But the basis to determine the extent of the 
CTV is the tumour histology (Sterzing et al.  2014 ). 

 For HCC, preliminary correlational studies of 
radiological fi ndings and histopathology suggest a 
CTV margin of 4 mm to cope for tumour invasion 

with 100 % accuracy, although the microscopic 
invasion can be smaller depending on tumour size, 
tumour marker level and other factors (Bi et al. 
 2010 ). In contrast, intrahepatic CCC with its inva-
sive growth pattern calls for a CTV margin of 
5–10 mm to cover 100 % of the microinvasion, 
again depending mostly on tumour size, histologic 
grading and tumour marker levels (Tse et al.  2008 ). 
Concerning the multitude of  different metastases 
that can affect the liver, the CTV should be adapted 
according to the primary tumour histology and the 
radiomorphologic  infi ltration pattern in these cases 
with a margin of 0–10 mm around the GTV (Brock 
 2011 ). Importantly, after expansion of the GTV/
ITV to the CTV the resulting volume has to be 
carefully evaluated for regions where this would 
include volumes beyond the limits of the liver. 
Such areas need to be edited manually if infi ltra-
tion beyond the organ boundaries is not likely to 
avoid erroneous expansion into the neighbouring 
structures potentially leading to increased toxicity.  

6.5.3     Planning Target Volume 
Delineation 

 The purpose of PTV defi nition is the compensa-
tion of technical inaccuracies (patient set-up, 
equipment set-up, etc.) and breathing motion. 
This also means that the PTV has to be adapted to 
the motion management technique in use, mak-
ing it necessary to take its respective intra- and 
interfractional accuracy into account. 

 The most simplistic possibility is a fi xed PTV 
margin around the CTV. This method however is 
not suitable in most cases due to the signifi cant 
breathing motion of the liver, making an approach 
of asymmetric expansion with larger margins in 
the CC direction more serviceable. More advanced 
methods like breath-hold, gating or tracking tech-
niques allow for a signifi cant reduction of safety 
margins but also come along with a higher demand 
for technical equipment, patient compliance and 
staff training, thereby adding further error sources 
that have to be accounted for in the PTV. 

 In general, a PTV of 4–5 mm around the CTV 
is appropriate for stereotactic treatments (SBRT) 
with larger margins possible according to the 
individual case and techniques in use.  
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6.5.4     The Ann Arbor-Toronto 
Target Volume Delineation 
Concept 

 At Ann Arbor and the Princess Margaret 
Hospital, Toronto, an individualised six-fraction 
SBRT concept for liver cancer was developed 
(Tse et al.  2008 ). This concept is here described 
because the target volume defi nition is specifi c 
and the concept has gained international reputa-
tion. Within that concept dose is allocated depen-
dent on the volume of normal liver irradiated 
(Ten Haken et al.  1993 ; Dawson et al.  2006 ). 
The reason for this concept is to optimise local 
control for small and large tumours based on the 

estimation of  normal tissue complication proba-
bility (NTCP) for radiation-induced liver disease 
(RILD). This concept allows prescription of the 
highest possible save dose on an individual basis 
with a maximum dose of 60 Gy in six fractions. 
The NTCP for RILD depends on liver function 
which is impaired in HCC, and therefore the 
radiation dose is prescribed to an isodose cover-
ing PTV2 (see description below) with a maxi-
mum dose of 140 % within the target. The GTV 
is delineated based on triphasic CT and/or MRI 
including enhancing large vessel thromboses. 
For HCC and intrahepatic CCC an 8 mm margin 
around the GTV within the liver and non-enhanc-
ing thromboses is used to create the CTV 

GTV  

ITV  

PTV (I+4mm)  

 

   Fig. 6.3     Top : Planning CT 
scan with IV contrast in the 
portal venous phase for a 10 
cm metastasis from breast 
cancer depicting the 
respective target volumes. 
Gross target volume (GTV) 
as visualised in the planning 
FDG-PT/CT scan, expansion 
to the internal target volume 
(ITV) on the basis of the 
4D-PET scan. Direct 
expansion of the ITV by 
isotropic 4 mm to obtain the 
planning target volume 
(PTV). No clinical target 
volume was contoured in this 
case.  Bottom : Planning 
FDG-PET/CT scan of 5 cm 
metastasis from pancreatic 
cancer shown on the CTV 
(left) and 4D-PET (right). 
Same colour coding as above       
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(Fig.  6.3 ). This CTV is further expanded to 
derive PTV1. Margins for both, PTV1 and 
PTV2, are individualised with a minimum of 
5 mm and based on the following criteria: (1) use 
of breath hold or not, (2) reproducibility of 
breath hold, (3) liver motion due to breathing 
and (4) reproducibility of motion (Park et al. 
 2012 ). Organs at risk are also contoured, and 
these are the liver, stomach, small bowel in the 
irradiated volume, large bowel in the irradiated 
volume, kidneys, heart and spinal cord. The nor-
mal tissue constraints for six-fraction SBRT are 
for the liver determined by V eff /NTCP (mean 
<22 Gy); for kidney a mean <12 Gy; for spinal 
cord a maximum <27 Gy; for stomach, small 
bowel and large bowel a maximum <30 Gy; for 
heart a maximum <40 Gy; and for the ribs a 
 maximum <54 Gy.       

6.6     Motion Management 

 Accounting for tumour motion is one of the most 
important steps in the treatment planning of liver 
tumours and can lead to a signifi cant reduction in 
target volume size. The liver is seated directly 
under the diaphragm and is thus usually subject 
to substantial movement during breathing cycles. 
Craniocaudal (CC) movement is the most domi-
nant direction of movement with ranges typically 
around 9–10 mm and up to several centimetres, 
but the lesions also frequently move in the ante-
rior/posterior and lateral directions, sometimes 
even exceeding the CC shift (Hallman et al.  2012 ; 
Wolthaus et al.  2006 ). The American Association 
of Physicists in Medicine (AAPM) Task Group 
76 recommends the implication of motion man-
agement techniques for tumours with a motion of 
>5 mm and thereby evidently underlines the 
necessity of this topic to be taken into account. 

6.6.1     Adjusting the Target 
Volume/ ITV 

 One way of dealing with tumour motion is the 
defi nition of an internal target volume (ITV) 

which is the sum of individual tumour volumes in 
different breathing phases, leading to an enlarged, 
usually cylindrical volume (because of the domi-
nant CC movement). If 4D scans of the extreme 
breathing excursions are used, the resulting ITV 
covers all possible positions the tumour can 
remain in, but it also bears the risk of being too 
large because the patient will not constantly 
inhale and exhale so deeply. This can result in 
problems, especially in stereotactic treatment if 
the tumour is seated in delicate positions near 
critical organs at risk like the small bowel or the 
stomach. To avoid this, the concept of mid- 
ventilation can be used, where the target volume 
encompasses only the part of the ITV in which 
the tumour is most frequently found during the 
breathing cycle (Eccles et al.  2006 ).  

6.6.2     Instructed Shallow Breathing 

 Instructed shallow breathing is one of the sim-
plest methods of tumour motion reduction, and in 
its most basic approaches, it does not need any 
technical equipment. The disadvantage, however, 
is the great amount of patient compliance that is 
needed to ensure a reproducible result. In order to 
improve this, the patient can be trained to use 
breathing coordinating systems which limit 
inspirational or expirational volume according to 
a previously defi ned value. This method has 
shown a good intrafractional reproducibility but 
a slightly worse interfractional reproducibility, 
making regular image guidance necessary 
(Cerviño et al.  2009 ).  

6.6.3     Breath Hold 

 Another early technique is the breath-hold 
method and, as shallow breathing, it holds the 
advantage of a low technical demand on the treat-
ment equipment. The patient is instructed to 
inhale or exhale until a predefi ned breathing state 
is reached. Then, the treatment is carried out 
while the patient is holding their breath. 
Depending on the time span that the patient can 
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remain in this state, it can be necessary to repeat 
the procedure and deliver the planned dose over 
several breath holds. Breath hold requires all 
planning images to be obtained in the same 
breathing state as planned for the treatment. 

 Technically, breath hold does not need image 
guidance. However, it is especially challenging in 
patients with co-morbidities and compliance 
problems. The same holds up for respiratory 
monitoring, which is also not mandatory, but can 
increase the reproducibility of the individual 
breath holds (Wong et al.  1999 ). 

 Another useful addition can be an active 
breathing control (ABC) device, which makes 
the patient breathe through a tubus in their mouth. 
A connected valve will shut after a predefi ned 
volume of air has passed through after which the 
treatment can be started. This can improve the 
treatment, especially for non-compliant patients 
with problems to follow the instructions properly. 
If used, the ABC should be applied during all 
image acquisitions and treatment sessions 
(Moorrees and Bezak  2012 ). 

 There are different concepts described in the 
literature with treatment delivery in either end- 
exhalation or end-inhalation state. It has been 
reported that treatment in exhale position shows a 
higher intrafractional accuracy of 2.2 ± 2 mm 
compared to 4.0 ± 3.5 mm in inhale position. In 
case of cranially seated tumours, deep inspiration 
breath hold can spare more healthy lung tissue 
due to the infl ated state of the lung although the 
affected amount of the lung will not be clinically 
relevant in the treatment of most liver lesions 
(Brock  2011 ; Heinzerling et al.  2008 ).  

6.6.4     Abdominal Compression 

 Compared to instructed shallow breathing, 
abdominal compression (AC) has the signifi cant 
advantage of lower dependence on patient com-
pliance. The average reduction in tumour motion 
that can be achieved with AC is 2–6 mm, allow-
ing for a signifi cant reduction of the safety mar-
gins around the target volume, especially in 

stereotactic treatment (Eccles et al.  2011 ; 
Moorees and Bezak  2012 ). The AC should be 
applied during all image acquisitions that are 
used for treatment planning and during the treat-
ment itself. It is recommended to monitor the 
correct application and the effect of the AC on an 
interfractional basis.  

6.6.5     Gating 

 Gating is an advanced form of the breath-hold 
technique. Prior to the radiation treatment, a 
volume is selected which the tumour passes 
through during particular states of the breathing 
cycle. The beam will then repeatedly be turned 
on while the tumour is in this so-called gate and 
turned off when it leaves. The preferential gat-
ing position is natural exhale due to the minimal 
organ motion occurring during this state. 
Treatment planning should utilise 4D imaging 
with subsequent  selection of sequences to 
ensure the precise determination of the appro-
priate breathing phase. If 4D imaging is not 
available, the planning CT can alternatively be 
obtained only in the desired gating phase after 
determination of the designated breathing state 
by preliminary imaging (ultrasound, fl uoros-
copy, etc.). 

 To determine the tumour position during radi-
ation treatment, surrogates like respiratory moni-
toring (e.g. spirometer, breathing belt), fi ducial 
markers or anatomical landmarks in combination 
with fl uoroscopy should be used. 

 An advantage of gating over the breath-hold 
technique is the lower dependency on patient 
compliance because there are no specifi c instruc-
tions the patient has to follow. But this easement 
is traded in for a higher demand for advanced 
equipment and thorough planning. Thus, the 
major diffi culties of the gating method are the 
correct defi nition of gate position and width to 
balance the achieved doses in tumour and organs 
at risk and the precise determination of the 
tumour position during the treatment session 
(Heinzerling et al.  2008 ).  
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  Fig. 6.4    Patient with a liver metastasis from colorectal 
cancer after two resections for previous liver metastases 
and FOLFOX chemotherapy at the left edge of the liver. 
Plan for six fractions of 10 Gy each (EQD2 α/β10 = 100 
Gy; BED α/β10 = 120 Gy). (a) cranial section with relative 

isodoses and (b) more caudal section with absolute iso-
doses and proximity to the stomach. (c) interaortocaval 
lymph node treated with six fractions of 7.5 Gray each 
(EQD2 α/β10 = 65.6 Gy; BED α/β10 = 78.8 Gy)           

a b

c

6.6.6     Tracking 

 The principle of tracking is the constant moni-
toring of the tumour position in time and the 
consecutive adaptation of the radiation beam. 
There are many commercial tracking systems 
on the market, most of them using surrogate 
markers like fi ducial markers, spirometers, 

optical markers and others to determine the 
tumour location. The reported accuracy for 
these systems ranges between 0.04 and 4.4 mm 
(Dawson and Ten Haken  2005 ). In order to 
maintain the tumour in the radiation beam, most 
methods rely on couch movement, movement of 
the radiation source or modifi cation of the 
multi-leaf collimator arrangement. Which 
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  Fig. 6.5    Course of the liver lesion shown in Figure 6.3 (a & 
b) prior to treatment (12.3. and 12.10.) and 6 weeks after 
(14.12.) completion of SBRT. Patient has had left hemihepa-
tectomy; (a) arterial phase (T1 vibe after gadolinium): next 
to a susceptibility artifact in segment 8/5 is a diffuse 
enhancement with same size as in previous imaging; (b) t1 
fl _fs after gadolinium: a liver metastasis at the resection 
margin in segment 8/5, now 1.5 cm in size; (c) t1 vibe fs post 
gadolinium: persisting uptake of the contrast agent after 

SBRT. (d) FDG-PET/CT staging on 24.8.12: FDG take-up 
typical for malignant disease at the surgical resection mar-
gin before SBRT. (e) FDG-PET/CT restaging on 07.10.12: 
no FDG avidity left, i.e. complete metabolic response 
(mCR) after SBRT. In summary, the MRI re-staging images 
in comparison with PET  are interpreted as post-therapeutic 
changes in the MRI scan and mCR 6 weeks after SBRT. 
Local control has been maintained for 30 months after ther-
apy until last follow up        

T1 +CM T1 +CM T1 +CM

liver
vein

RT 12. –24 .10.2012

Colorectal metastasis

12.3.12 12.10.12 14.12.12

a b c

d e
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  Fig. 6.6    The Ann Arbor-Toronto target volume concept 
for HCC- and ICC- SBRT in six fractions with individual-
ised dosing. (a)  Left panel : fl ow chart of the generation of 
the respective elements of the target volume delineation in 
a phase I trial escalating dose to PTV2 up to 60 Gy. (b) 
 Middle panel : note that the CTV ( yellow ) is limited to 

intrahepatic expansion only. (c)  Right panel : the concept 
applied to a  hepatocellular cancer. (d) An example for 
lateral motion: an MRI scan showing an HCC lesion in 
segment IVa/b (T1 vibe post gadolinium) and (e) showing 
the large amount of lateral respiratory motion (red arrow).          

The Ann Arbor-Toronto target volume concept for HCC-and ICC-
SBRT in six fractions with individualised dosing

GTV/ITV

PTV2 CTV

PTV1

+≥5 mm +≥8 mm
(inside liver)

a

b c

range:

≥24 Gy to ≤60 Gy
in 6 fractions
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24 Gy
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method is the optimal depends on the type of 
treatment that is planned, staff training and 
fi nancial budget of each individual institution 
(Figs.  6.4 – 6.6 ).   

6.7     Radiation Induced Liver 
Toxicity (RILD) 

 Irradiation of the liver can lead to severe toxicity 
if certain precautions and dose limits are not met. 
Radiobiologically the liver is a parallel organ at 
risk, meaning that partial loss of function can be 
compensated by residual healthy liver tissue, if 
the mean liver dose does not exceed a threshold 
value. Thus, the liver – like the lung – is espe-
cially suitable for stereotactic high-dose treat-
ment with a steep dose decline to the surrounding 
liver tissue. 

 Mean liver doses higher than 30–35 Gy come 
with a substantial risk of RILD (Lawrence  1995 ). 
Patients without preceding liver diseases will 
typically present several weeks to 4 months after 
radiation treatment with symptoms like ascites, 
hepatomegaly and isolated alkaline phosphatase 
increase but usually without jaundice (classic 
RILD). The underlying cause is not yet fully 
understood, but histopathologic studies proposed 
the model of veno-occlusive disease (VOD), 
where irradiation leads to damage in endothelial 
cells of the sinusoids and central veins, which 
activates the coagulation cascade and thereby 
leads to fi brinous clots that are soon accompa-
nied by blood cells, particularly erythrocytes. 
This results in an obstruction of the central veins, 
causing a hypoxic milieu that damages hepato-
cytes and can culminate in liver atrophy and 
hepatic insuffi ciency (Liang et al.  2006 ). 

 In contrast, patients with preexisting liver dis-
eases, like virus hepatitis or cirrhosis, will often 
develop non-classic RILD. Concerning the clini-
cal symptoms, these patients frequently present 
with elevated transaminase levels and jaundice 
(Kim et al.  2007 ). It was postulated that radiation 
could induce mitotic catastrophe in regenerating 
hepatocytes and consequently further impair the 
already limited organ function. 

 In carriers of chronic viral hepatitis, irradia-
tion of the liver can lead to a reactivation of the 
virus. This should be considered in the differen-
tial diagnosis of impaired liver function after 
radiation therapy. To prevent reactivation, clini-
cal studies recommend the prescription of antivi-
ral medication before and during radiation 
treatment for patients with chronic hepatitis B 
(Ben-Josef and Lawrence  2005 ). 

 Interestingly, RILD is rarely seen in stereotac-
tic treatment, presumably because of the compa-
rably small volumes and the steep dose decline, 
both leading to a relatively low mean liver dose 
and thereby preventing the relevant pathophysio-
logic mechanisms (Dawson et al.  2002 ). 

 One of the most eminent problems in clinical 
practice will be the prediction of side effects 
from computer-modelled dose calculations and 
dose-volume histograms. It is recommended to 
use advanced prediction models like NTCP that 
have proven to be most reliable (Dawson et al. 
 2002 ). If NTCP calculation is not available, 
methods like dose-volume histogram con-
straints or mean dose to the liver can be used as 
a substitute but come with a lower reliability 
due to their simplicity. To compare different 
radiation regimes, all doses should be converted 
into the EQD2 (equivalent dose in 2-Gy frac-
tions) based on the linear-quadratic model. Care 
should be taken in hypofractionated treatments 
where this calculation might not depict the truly 
delivered biologically effective dose (BED). 

 Now that we have outlined the entire target 
volume delineation process, a number of fi gures 
is given to illustrate how this integrates into treat-
ment of patients. Figure  6.4  shows a plan for liver 
metastasis from colorectal cancer where the 
lesion is situated close to the stomach. The same 
patient also had the para-aortic lymph node which 
was also treated with SBRT. Figure  6.5  shows a 
sequence of MRI scans and FDG-PET/CT scans 
in the same patient to give an idea of the changes 
that occurred before and after therapy. Of note, 
metabolic imaging shows a complete response 
already six weeks after SBRT whereas MRI is 
diffi cult to interpret at early time points due to 
post-therapeutic uptake of gadolinium by infl am-
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matory processes. Figure  6.6  illustrates the Ann 
Arbor-Toronto target volume concept which was 
fi rst described by this group for a phase I trial in 
HCC and CCC. One of the advantages of their 
prescription method is that it is according to 
ICRU and not to a specifi c isodose encompassing 
the PTV (e.g. 60%, 80%). 
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7.1            Anatomy 

 The pancreas is 13–15 cm long and is situated 
retroperitoneally, extending from the duodenum 
(pancreatic head) to the splenic hilum (pancreatic 
tail). At the caudal edge, the organ is deeply 
intercalated by the mesenteric vessels (incisura 
pancreatitis). The pancreas consists of a ventral 
and dorsal embryonic part, which are fusing sec-
ondarily. The caudal aspect of the pancreatic 
head and the distal part of the excretory duct 
(major pancreatic duct, Wirsung) develop from 
the ventral embryonal part. The larger dorsal part 
forms the rest of the gland. The proximal part of 
the excretory duct degenerates in most cases or it 
yields the accessory pancreatic duct (Santorini) 
leading into the duodenum at the minor duodenal 
papilla. The pancreatic head is usually indicated 
adherent to the duodenal wall. Pancreatic carci-
noma of the head often causes an obstruction of 
the extrahepatic bile duct with the clinical signs 
of jaundice and a dilated gallbladder that may be 
palpable (Courvoisier’s sign). Excretory ducts 
pinched off by the tumour may also lead to con-
gested pancreatic secretion and pancreatitis. 
However, pathologic processes in the pancreatic 
head do not cause diabetes because the islets of 
Langerhans are predominantly located in the 
pancreatic tail and body. At the dorsal aspect of 
the organ, the splenic vein intercalates deeply 
into the pancreatic parenchyma. The portal vein 
forms dorsally of the pancreatic head at the level 
of the pancreatic incision (incisura pancreatitis) 
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by the confl uent of the splenic vein and the supe-
rior mesenteric vein. The pancreas superimposes 
the large vessels of the retroperitoneal space (v. 
cava inferior, renal vessels and abdominal aorta). 
These topographic relationships are of impor-
tance in pancreatic cancer. 

7.1.1     Upper Abdominal Lymphatics 

7.1.1.1     Anatomy of Lymph Nodes 
 Abdominal lymph nodes consist of visceral 
nodes and lumboaortic nodes. The visceral nodes 
are grouped along the lymphatic pathways from 
the abdominal organs. They include the left gas-
tric and right gastric lymph nodes, the pancreati-
colienal chain, the hepatic lymph nodes and the 
superior and inferior mesenteric chains. The lum-
boaortic nodes can be subdivided into the bilat-
eral lateroaortic group, the pre-aortic group and 
post-aortic group.  

7.1.1.2     Lymph Node Classifi cations 
 There are two commonly used classifi cations: the 
fi rst is the UICC classifi cation and the second is 
the Japanese classifi cation. The UICC classifi ca-
tion discriminates the lymph nodes as shown in 
Table  7.1  and differentiates tumours without 
metastasis/metastases in these nodes (N0) versus 

tumours with metastasis/matastases (N1) (Sobin 
et al.  2009 ). The second is derived from the clas-
sifi cation of the Japanese Research Society for 
Gastric Cancer (JRSGC) originally described in 
1962. The numbering of this classifi cation is 
commonly also employed for pancreatic cancer 
and other tumours of the upper abdominal region 
such as liver cancer. For the detailed description 
of the JRSGC classifi cation, please see the chap-
ter on gastric cancer of this book. The fi rst 
English edition of the classifi cation of pancreatic 
carcinoma was published in 1996 (Society  1996 ). 
Very different from the UICC, there are three 
groups of nodes. The fi rst group consists of the 
nodes that are usually removed during the resec-
tion of the head or body/tail of the pancreas. 
Groups 2 and 3 are subdivided on the basis of 
lymph fl ow, rate of involvement by metastasis 
and outcome. Detection of nodal metastases per 
group is used to create four categories, N0–N3, 
with signifi cant prognostic impact (Matsuno 
 2003 ).

7.2          Pathology 

 Currently, the seventh edition of the UICC clas-
sifi cation is in use (Sobin et al.  2009 ). The clas-
sifi cation discriminates the anatomical subsites 

    Table 7.1    Lymph node classifi cations   

 UICC 
subdivisions  Description  JPS  Description 

 Superior  Sup. to head and body 
 Inferior  Inf. to head and body 
 Anterior  Ant. pancreaticoduodenal, 

pyloric a , proximal mesenteric 
 Group 1:13a,* 13b,* 17a,* 17b*  Posterior surface of the 

pancreatic head; anterior surface 
 Posterior  Posterior 

pancreaticoduodenal, common 
bile duct, proximal mesenteric 

 Group 2: 6,* 8a,* 8p,* 12a,* 
12b,* 12p,* 14p,* 14d* 

 Infrapyloric, common hepatic 
artery, hepatoduodenal ligament, 
SMA 

 Splenic  Hilum of spleen and tail of 
pancreas b  

 Group 3: 1, 2, 3, 4, 5, 7, 9*, 10, 
11p,* 11d, 15, 16a2, 16b1, 18* 

 (See below table) 

 Coeliac   a  

  JPS numbers:  1  right cardial,  2  left cardial,  3  along the lesser curvature of the stomach,  4  along the greater curvature of the 
stomach,  5  suprapyloric,  6  infrapyloric,  7  along the left gastric artery,  8  along the common hepatic artery,  9  around the 
celiac artery,  10  splenic hilum,  11  along the splenic artery,  12  in the hepatoduodenal ligament,  13  on the posterior surface 
of the pancreatic head,  14  along the superior mesenteric artery,  15  along the middle colic artery,  16  around the abdominal 
aorta,  17  on the anterior surface of the pancreatic head,  18  along the inferior margin of the pancreatic body-tail 
  a Tumours of the head only 
  b Body and tail only 
  * High risk lymph node regions  
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head, body and tail of the pancreas for pancreatic 
ductal adenocarcinoma (PDAC). The defi nition 
for tumours of the head of the pancreas is to the 
right of the left border of the superior mesenteric 

vein. Consequently, tumours of the body are to 
the left of this line. The left border of the aorta 
classifi es tumours as located either in the body 
or tail of the pancreas (Figs.  7.1  and  7.2 ). 

BC1 mod /Clin4
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  Fig. 7.1    Tumour location. ( a ) Schematic frontal view of 
the three sections of the pancreas. 1. Head of the pan-
creas: Tumours arising to the right of the left border of 
the superior mesenteric vein including the incinate pro-
cess. 2. Body of the pancreas: Tumours arising between 
the left border of the superior mesenteric vein and the 
left border of the aorta. 3. Tail of the pancreas: Tumours 

arising between left border of the aorta and the splenic 
hilum. ( b ) and ( c ): two transversal planes depicting the 
head, body and tail of a healthy pancreas as explained in 
( a ). ( d ) Coronal plane showing the head of the pancreas 
just below the portal vein ( PV ) and its relation to the 
duodenum ( D ), the vena cava inferior ( VCI ) and the 
aorta ( A )       
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The regional lymph nodes for pancreatic tumours 
are shown in Table  7.1 . The T-categories are:  
•    T1: tumour limited to the pancreas, ≤2 cm in 

greatest dimension.  
•   T2: tumour limited to the pancreas, >2 cm in 

greatest dimension.  
•   T3: tumour extends beyond the pancreas but 

without involvement of coeliac axis or supe-
rior mesenteric artery.  

•   T4: tumour involvement of coeliac axis or 
superior mesenteric artery.    
 Together with the lymph node status dis-

criminating N0 (no regional lymph node metas-
tasis) and N1 (regional lymph nodes metastasis) 
based on examination of ≥10 lymph nodes for 
pN- category, this leads to the following stage 
grouping:

 Stage  T-category  N-category  M-category 

 Stage IA  T1  N0  M0 
 Stage IB  T2  N0  M0 
 Stage IIA  T3  N0  M0 
 Stage IIB  T1, T2, T3  N1  M0 
 Stage III  T4  Any N  M0 
 Stage IV  Any T  Any N  M1 

7.3        Visualisation 

 The role of imaging for pancreatic cancer has to 
fulfi l basically three distinct endpoints: fi rst of 
all, the primary tumour has to be identifi ed; next, 
distant metastasis has to be identifi ed to decide 
whether resection of the tumour is justifi ed. Third, 
in the absence of distant metastasis, imaging 

a b

ddcc

  Fig. 7.2    Delineation of the gross target volume. ( a ) 
Arterial phase CT with a hypodense tumour mass around 
the common hepatic artery. ( b ) Same as ( a ) with tumour 

outlined in white dashed line. ( c ) Coronal view of the 
same tumour ( d ) Same as ( c ) with tumour outlined in 
white dashed line       
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needs to inform about local tumour resectability. 
Pancreatic cancers are categorised into resect-
able, borderline resectable and non- resectable. 
An expert consensus statement has recently 
defi ned these three stages based on contrast- 
enhanced multi-detector computed tomography 
(CE-MDCT) (Callery et al.  2009 ). 

7.3.1     Computed Tomography 

 MDCT is the single most important imaging tool 
to detect and to stage pancreatic cancer (Prokesch 
et al.  2003 ; Shrikhande et al.  2012 ; Varadhachary 
et al.  2006 ; Zeman et al.  1997 ; Pawlik et al. 
 2008 ). A localised tumour mass is the leading 
criterion in pancreatic cancer. Modern MDCT 
protocols use a dual-phase technique. 30 s after 
the intravenous injection of contrast, the arterial 
phase is acquired, and about 1 min after injection, 
the portal venous phase is taken. It is necessary to 
perform a rapid injection (3–5 mL/s) to maximise 
enhancement of the pancreas and mesenteric vas-
culature. MDCT has improved spatial and tem-
poral resolution dramatically. The arterial phase 
images are required for visualisation of the pri-
mary tumour as well as evaluation of the arterial 
vasculature and its relationship with the tumour 
to predict resectability (Varadhachary et al. 
 2006 ). Pancreatic neuroendocrine tumours which 
are typically hypervascular can also be distin-
guished best in the arterial phase from 
PDAC. Compared to the surrounding normal 
pancreatic parenchyma, most PDACs are 
hypodense. In 5–10 % of PDACs, there is isoat-
tenuation in both arterial and venous phase 
images. The subsequent venous phase is required 
to assess the liver and mesenteric venous vascula-
ture as well as locoregional lymphadenopathy 
(Horton and Fishman  2002 ). 

 Most often water is used as a neutral oral con-
trast agent for visualisation of the stomach, the 
duodenum and the jejunum. Typically, thin colli-
mation technique with slice thickness of around 
0.6 mm is used with the reconstruction algo-
rithm for 3–5 mm slices for standard interpre-

tation. A second reconstruction at 0.5–0.75 mm 
is performed to create isotropic multi-planar 
reformations and 3D reconstructions. Often, 
two sets of 3D images are created: maximum 
intensity protection (MIP) and volume-rendered 
(VR) images. MIP imaging is invaluable for 
angiographic images to assess the relation of 
the tumour to the surrounding vasculature. VR 
allows optimal defi nition of the soft tissues, 
muscle, bone, and vasculature to demonstrate 
complex relationships between different struc-
tures at pathology. 

 For tumour detection, the sensitivity of MDCT 
is reported between 88 and 98 %. The smaller the 
tumours, the more diffi cult they are to visualise. 
PDACs tend to infi ltrate dorsally into the retro-
peritoneum. Vessel involvement is of highest 
importance for the staging of local PDAC to clas-
sify pancreatic tumours into resectable, border-
line resectable and non-resectable. One of the 
problems of the currently available literature is 
that discrepancies exist between the defi nitions 
of resectability, and therefore, it is highly recom-
mended to consistently use the defi nition based 
on expert consensus statement published by 
Callery (Callery et al.  2009 ), which defi nes bor-
derline resectable tumours as:
    1.    Venous involvement of the superior mesen-

teric vein (SMV)/portal vein, demonstrating 
tumour abutment with or without impinge-
ment and narrowing of the lumen, encasement 
of the SMV/portal vein but without encase-
ment of the nearby arteries, or short segment 
venous occlusion resulting from either tumour 
thrombus or encasement but with suitable ves-
sel proximal and distal to the area of vessel 
involvement, allowing for safe resection and 
reconstruction.   

   2.    Gastroduodenal artery encasement up to the 
hepatic artery with either short segment 
encasement or direct abutment of the hepatic 
artery, without extension to the coeliac axis   

   3.    Tumour abutment of the superior mesenteric 
artery (SMA) not to exceed >180° of the cir-
cumference of the vessel wall (Callery et al. 
 2009 ).    
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  Tumour infi ltration into the duodenum is 
important for the radiation oncologist because 
the duodenum is one of the dose-limiting organs 
for radiotherapy of pancreatic cancers. The loss 
of the fat plain between the mass and the duode-
num, thickening of the duodenal wall, the exten-
sion of the tumour around the duodenum or 
duodenal obstruction are all signs of duodenal 
infi ltration. A comparison between the tumour 
dimensions as measured on CT and pathology 
showed that the sensitivity of CT regarding duo-
denal invasion is quite low (Arvold et al.  2011 ). 
Unfortunately, endoscopic ultrasound is also not 
very sensitive to detect duodenal infi ltration and 
cannot help to resolve the dilemma between 
tumour coverage and sparing of the duodenum as 
an important organ at risk. 

 Nodal disease is an important prognostic fac-
tor in pancreatic cancer, and the seventh classifi -
cation of the UICC refl ects this in defi ning stage 
IIB irrespective of T-category. Unfortunately, the 
ability of CT to distinguish malignant nodes is 
limited. It is purely based on size threshold of 
short axis ≥1 cm (Zeman et al.  1997 ). 
Correspondingly, the sensitivity of CT for posi-
tive nodes may be as low as 22 % (Pawlik et al. 
 2008 ). CT is well suited to identify metastatic 
disease to the liver which is best detected during 
the portal venous phase.  

7.3.2     Magnetic Resonance Imaging 

 Advantages of MRI over CT are mainly based 
on the superior tissue contrast (Vachiranubhap 
et al.  2009 ). Due to the rich desmoplastic reac-
tion characterised by fi brous stroma, PDAC is 
good visualised on fat-suppressed T1-weighted 
images. Tumours tend to be T1 hypointense in 
comparison with the relatively bright pancreatic 
parenchyma which avidly enhances on arterial 
phase images. With time, these tumours tend to 
increase enhancement on venous and delayed 
images. Therefore, MRI can be helpful to detect 
small tumours which can be diffi cult to visualise 
on CT especially below a size of 2 cm (Park et al. 
 2009 ; Fusari et al.  2010 ). An important indica-
tion for the use of MRI is isoattenuating pancre-

atic cancer which occurs in about 5–10 % of all 
pancreatic tumours. In these cases, MRI is an 
important tool to defi ne the gross tumour volume 
(GTV) for radiotherapy because of its superior 
soft tissue contrast (Kim et al.  2010 ). A compar-
ison between tumour sizes on abdominal MRI 
with pathologic specimen in resected tumours in 
92 patients in 3D VIBE MRI showed that MRI 
underestimated tumour size by a median differ-
ence of 4 mm (range, −34 to 22 mm) (Hall et al. 
 2013 ). This is useful information for the expan-
sion of GTV to clinical target volume (CTV). 
Additionally, alternative sequences can be use-
ful. One of these is magnetic resonance cholan-
giopancreatography (MRCP) which is helpful 
to show subtle ductal narrowing (Miller et al. 
 2006 ). Diffusion-weighted images (DWI) mea-
suring the random motion of water molecules 
within tissue render apparent diffusion coef-
fi cient (ADC) values. The motion of water is 
limited within tumours, and therefore, low ADC 
values can help to identify small lesions (Wang 
et al.  2011 ). 

 Compared to CT, enlarged lymph nodes are 
more conspicuous on MRI, especially on 
T2-weighted fat-suppressed sequences. Also, 
lymph nodes in the mesenteric fat are well visu-
alised on non-fat-suppressed T1-weighted 
images because in this sequence lymph nodes 
appear in lower signal compared to the high- 
signal fat. MRI is particularly good in evaluating 
hepatic metastasis especially in small lesions 
where MDCT has limitations. Metastases are 
slightly hypointense on T1-weighted images and 
mildly hyperintense on T2-weighted images. 
Most lesions have peripheral enhancement on 
post-contrast images and wedge-shaped 
 peripheral enhancement in the arterial phase 
(Miller et al.  2006 ).  

7.3.3     FDG-PET Imaging 

 Positron-emission tomography (PET) imaging 
without a contrast-enhanced CT component is 
not of use for screening purposes. However, 
PET-CT with IV contrast may help differentiate 
benign and malignant pancreatic lesions. The 
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positive predictive value of PET-CT is up to 
91 %, but the negative predictive value of only 
64 % is problematic. Therefore, there is a high 
propensity for false-negative fi ndings. False- 
negative fi ndings are often observed as a conse-
quence of hypoglycaemia or diabetes. The 
resolution of PET is best for lesions that are 
larger than 1 cm in diameter below which there is 
a high likelihood of false-negative results 
(Grassetto and Rubello  2011 ). Another situation 
where fl uorodeoxyglucose (FDG)-PET imaging 
can be very helpful for tumour delineation is 
when the tumour infi ltrates into the duodenum. 
Specifi cally, if patients have had a gastric bypass 
preventing appropriate oral contrasting of the 
duodenum, it can be very diffi cult to appropri-
ately visualise tumour extension, and PET-CT is 
able to better discriminate duodenum from 
tumour. 

 The sensitivity and specifi city of PET-CT for 
locoregional nodal disease have been reported to 
be only 46 and 63 %, respectively (Pakzad et al. 
 2006 ; Kauhanen et al.  2009 ). The most important 
reason to explain this poor performance is the 
insuffi cient resolution for lesions smaller than 
1 cm. However, PET-CT plays a more important 
role for the detection of distant metastatic disease 
when combined with contrast-enhanced CT 
(Table  7.2 ). One study reported a change in 
resectability status in 21.5 % of the patients and 
change of the pretreatment stage in 26.9 % of the 
patients (Bang et al.  2006 ).

   Evaluation of response to therapy in patients 
with locally advanced pancreatic cancer is not 
satisfactory with MDCT. Regression of primary 

tumours is rarely observed due to the rich desmo-
plastic reaction in pancreatic tumour masses 
which cannot be discriminated from viable 
tumour. PET-CT is superior to MDCT in that 
respect because it is evaluating viable tumour 
cells and can discriminate a scar from a true 
tumour mass (Grassetto and Rubello  2011 ). 
However, one pitfall is an infl ammatory reaction 
appearing as a false-positive fi nding, a typical 
example for this is cholangitis. A small study in 
15 patients before and after chemoradiotherapy 
showed that tumour response was observed more 
frequently at PET imaging compared to CT 
imaging (Bang et al.  2006 ).   

7.4     Target Volume Delineation 
of the Primary Tumour 

7.4.1     GTV Delineation 

7.4.1.1     Defi nitive and Neoadjuvant 
Treatment 

 The volumes of interest should be defi ned in 
accordance with the ICRU 50/62 guidelines. For 
GTV defi nition, the above-described character-
istics of tumour visualisation are important. 
GTV defi nition relies on a contrast-enhanced 
thin slice CT planning scan in the arterial con-
trast phase. Alternatively a planning scan in the 
venous contrast phase can also be used when 
an arterial contrast phase scan is registered to 
the planning scan or visually taken into account 
on a second monitor for the delineation of the 
tumour. The GTV is defi ned as a hypodense 

   Table 7.2    Comparison of imaging modalities   

 Primary tumour  Resectability  Lymph nodes  Distant metastases  Restaging 

 MDCT 
(method of 
choice) 

 Very good  Not particularly 
specifi c 

 Good for hepatic 
metastases >1 cm; poor 
for peritoneal metastases 

 Poor: because of 
desmoplastic 
reaction 

 MRT a   Preferred for 
5–10 % PDAC that 
are isodense on CT 

 Inferior  Superior: 
peripancreatic 
and mesenteric fat 

 Depicts small liver 
lesions 

 Poor 

 FDG-PET/CT  Duodenal 
infi ltration 

 Poor  Poor  Superior  Intermediate: 
might depict 
vital tumour cells 

   a See text for the adequate choice of sequences  
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area in the contrast- enhanced high-resolution 
CT scan (slice ≤3 mm) as shown in Figs.  7.3  
and  7.4 . The edge of pancreatic head tumours 
towards the duodenum can often only reliably be 
visualised if water as a negative contrast agent is 
administered prior to the scan. Of note, CT scans 
have been found to underestimate the extent of 
infi ltration of PDAC into the duodenum (Arvold 
et al.  2011 ). Indirect signs of the tumour should 
also be taken into account. Often dilatation of 
the pancreatic duct and/or the bile duct (prior 
to stent insertion) is helpful to determine the 
border of the tumour at these structures. As the 
exact margins of pancreatic tumours are often 
diffi cult to defi ne, even by experienced radiolo-

  Fig. 7.3    Patient with a tumour in the pancreatic head 
after insertion of a stent into the common bile duct 
( pink  =  GTV ;  blue  =  PTV )       

  Fig. 7.4    MRI imaging of a pancreatic tumour in a 62-year 
old patient. ( a ) Double duct sign in the RARE sequence, 
caused by a mass in the pancreatic head seen in HASTE 
( b ); hypointense in FLASH 2D ( c ), T1 TSE ( d ) and VIBE 

with contrast ( e ); the mass appears hyperintense in DWI 
( f ) and ( g ). ( h ) FDG-avid local tumour relapse in PET/CT 
imaging dorsally to the splenic vein          

RARE HASTE FLASH 2D KM

T1 TSE VIBE KM

a

d e

b c
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gists, GTV delineation should be undertaken 
in conjunction with, or after discussion with, a 
radiologist.   

 As mentioned above, about 5–10 % of pancre-
atic tumours are isoattenuating. A gadolinium- 
enhanced MRI (ideally in treatment position) 
registered to the planning CT should be used for 
the delineation of the GTV in such cases. If infor-
mation regarding disease extent from PET scans 
is available, then this can be used in addition. We 
have found this helpful to delineate areas of 
tumour infi ltration into the duodenum especially 
after a gastric bypass procedure where oral con-
trasting of the bowel is not possible. Accurate 
delineation of the GTV is of highest importance 
to fully encompass the tumour with an adequate 
dose but also to avoid unnecessary enlargement 
of the treatment volumes to avoid toxicity. The 
two most critical organs in that respect are the 
duodenum and the stomach.  

7.4.1.2     Adjuvant Treatment 
 After resection, there is by defi nition no GTV at 
the time of radiotherapy (Goodman et al.  2012 ). 
In the case of incomplete resection (R1-resection) 
the surgical, pathologic and preoperative imaging 
information should be used to identify the region 
where microscopic tumour has been left. Again, 
by defi nition, this is not the GTV, but a CTV.   

7.4.2     Clinical Target Volume 
Delineation of the Primary 
Tumour 

7.4.2.1     Defi nitive and Neoadjuvant 
Treatment 

 There is no clear consensus on the size of the 
margin around the GTV to derive a CTV, and 
many institutions will expand the GTV directly 
into a planning target volume (PTV). Never- 
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Fig. 7.4 (continued)
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theless, if a CTV of the primary tumour is cre-
ated, the margin expansion is 5 mm in most 
reports (McGinn et al.  2001 ; Muler et al.  2004 ; 
Jackson et al.  2010 ). A detailed analysis com-
paring pathologic tumour sizes with tumour 
sizes on CT scans before surgical resection 
showed that the size on CT scans is signifi cantly 
smaller  compared to pathology measurements 
(Arvold et al.  2011 ). This effect was more pro-
nounced in smaller tumours compared to larger 
tumours. The authors derived an expansion for-
mula from GTV to CTV taking into account the 
standard error to cover 97.5 % of the tumours: 
CTV primary expansion in millimetres = 19 mm 
−1/8 × (CT maximum tumour size in mm). The 
problem of this formula is that the expansion 
margins are very large compared to clinical 
practice. For example, for a tumour measuring 
2 cm on CT scan, an expansion margin of 
16.5 mm circumferentially would have to be 
added. Adding such a large margin for GTV to 
CTV expansion would prevent adequate protec-
tion of the duodenum and the stomach in a large 
number of patients after subsequent further 
expansion for patient positioning and respira-
tory movements to obtain the PTV. Therefore, 
we do not recommend the use of this formula at 
this time. At our institution, we expand the GTV 
directly into a PTV.  

7.4.2.2      Adjuvant Treatment 
 For adjuvant treatment, the preoperative tumour 
volume and the pancreaticojejunostomy are the 
two regions requiring delineation (Goodman 
et al.  2012 ). To delineate the preoperative 
tumour volume, surgical clips to delineate areas 
of concern should be included. These are often 
used to highlight close margins or the uncinate 
margin. However, it is important to distinguish 
specifi cally placed clips pointing to areas at risk 
of local relapse from clips that are irrelevant 
for treatment planning. If possible, registration 
of the preoperative CT scan to the planning CT 
scan is useful, provided that patient position-
ing and nutritional status of the patient are not 
too discrepant between the two sets of imag-
ing. Differences of respiratory phases in imag-

ing need also to be considered. It is important 
to keep in mind that the post-operative anatomy 
often varies considerably from preoperative 
anatomy. The pancreaticojejunostomy is best 
recognised by identifying the pancreatic rem-
nant fi rst and then the junction with the jejunal 
loop medially and anteriorly of the remnant. In 
some cases, pancreaticogastrostomy rather than 
pancreaticojejunostomy has been performed. Of 
note, the pancreaticogastrostomy is not included 
in the CTV because this could lead to increased 
radiation toxicity.   

7.4.3     Planning Target Volume 
Delineation of the Primary 
Tumour 

 As explained above, most commonly, the PTV is 
directly derived from the GTV skipping the step 
of creating a CTV. Most commonly, the expan-
sion is 1.5–2 cm in the four directions of the 
transversal plane (ventral, dorsal, right, left) 
(Huguet et al.  2012 ). Due to signifi cant respira-
tory motion in the craniocaudal direction, most 
often an expansion of the GTV by 2–3 cm is used 
in the superior and inferior direction. These 
expansion margins are problematic if doses up to 
60 Gy, as often employed for pancreatic cancer, 
are intended to be prescribed because the duode-
num and the stomach will often be exposed to 
prohibitively high doses. To avoid this, four- 
dimensional simulation to assess respiratory 
motion is strongly recommended. This is 
described in more detail below in the paragraph 
on internal target volume (ITV) concepts. 4D 
information allows to avoid circumferential 
exposure of the duodenum.  

7.4.4     Internal Target Volume 
Delineation 

 Studies about pancreatic movement showed that 
the major direction of movement with respiration 
is in the superior-inferior direction. MR studies 
have a tendency to report larger amounts of 
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movements compared to CT (up to 23.7 mm), 
and CT studies reported up and down movements 
of up to 15.3 mm (Bussels et al.  2003 ; Feng et al. 
 2009 ; Gwynne et al.  2009 ; Mori et al.  2009 ). 
Movements in the AP direction are more pro-
nounced and up to 12.1 mm, compared to the 
left-right direction. Of note there is a high vari-
ability between patients of up to ±15.9 mm (Feng 
et al.  2009 ). This is a strong argument to use indi-
vidualised margins creating an internal target 
volume to reduce the dose to the organs at risk 
(OAR) (Gwynne et al.  2009 ). 4D-CT imaging is 
the most often used technique to defi ne ITVs 
where a number of breathing cycles are regis-
tered to determine respiratory motion. This addi-
tional information to the contrast-enhanced 
planning CT scan can also be used to perform 
respiratory gating to obtain a further reduction of 
the margins especially in the craniocaudal direc-
tion (Mori et al.  2009 ).   

7.5     Irradiation of Clinically 
Involved Regional 
Lymph Nodes  

 Inclusion of clinically positive lymph nodes in 
addition to the primary tumour into the target 
volume is a strategy used by a number of groups. 
This is an attractive concept which is similar to 
modern treatment strategies in locally advanced 
non-small cell lung cancer (NSCLC), avoiding 
elective nodal irradiation (Senan et al.  2002 ). 
However, the problem with this strategy is that in 
pancreatic cancer CT, the commonly used diag-
nostic imaging method, is very unreliable to 
detect metastatic lymph nodes (Roche et al. 
 2003 ; Raman et al.  2012 ). Even PET-CT scan-
ning was found not to be particular superior 
compared to CT combined with endoscopic 
ultrasound (Farma et al.  2008 ). In the light of 
this situation, we do not recommend to include 
lymph nodes ≤1 cm in the short axis into the 
high-dose radiation volume. Patients with bor-
derline resectable pancreatic cancer might bene-
fi t more from the inclusion of suspicious nodal 
areas than patients with clearly non-resectable 

tumours. If in the latter case the primary tumour 
is not controlled, the benefi t of eradicating 
microscopic disease is less important compared 
to borderline resectable disease, where local 
control by additional surgery can become much 
more important.  

7.6     Prophylactic Irradiation 
of Uninvolved Regional 
Lymph Nodes 

 Lymphatic spread is an important prognostic fac-
tor of PDAC (Hidalgo  2010 ), and the presence of 
metastatic lymph nodes has been recognised as a 
predictor of local failure (Asiyanbola et al.  2009 ). 
Even though many radiation oncologists choose to 
include nodal areas into the target volume (McGinn 
et al.  2001 ; Brunner et al.  2005 ,  2006 ; Van Laethem 
et al.  2010 ), others prefer to only irradiate the pri-
mary tumour (GTV) without aiming to treat elec-
tive lymph nodes (eLNs), to increase the dose 
delivered to the GTV and/or to prevent toxicity to 
organs at risk (Murphy et al.  2007 ; Spalding et al. 
 2007 ). It is a matter of great debate among radia-
tion oncologists whether it is necessary to include 
or not eLNs into the target volume in pancreatic 
cancer. One of the reasons of this disagreement is 
that it is diffi cult if not impossible to prove one or 
the other opinion. An additional confounding fac-
tor is that many nodal areas are so close to the pan-
creatic tumours that they will be included into 
PTVs unintentionally. This debate is very similar 
to the situation in patients with NSCLC where a 
considerable dose is often delivered incidentally to 
the high-risk nodal volumes (Zhao et al.  2007 ) and 
an analysis comparing four different contouring 
strategies (RTOG and Oxford with eLN versus 
SCALOP and Michigan without eLN) confi rmed 
that (1) signifi cant amounts of high-risk eLNs are 
part of the PTV in concepts not aiming to treat 
eLN and (2) that incidental exposure of eLNs in 
these concepts is even larger (Fokas et al.  2013a , 
 b ). Inclusion of eLNs has often been criticised for 
toxicity reasons, and most series where eLNs were 
part of the treatment volumes had poorly defi ned 
delineation guidelines (Fig.  7.5 ) (Chauffert et al. 
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 2008 ). Therefore, if eLNs are planned to be 
included, great care must be taken to accurately 
defi ne the treatment volumes, and this must be 
based on pathohistological analysis. The pattern of 
lymph node involvement is commonly reported 
using the Japanese Pancreatic Society classifi ca-

tion of the regional lymph nodes of the pancreas 
(Table  7.3 ) (Nagakawa et al.  1993 ). 

   A number of studies have reported on how to 
defi ne the lymph node regions to be treated 
(McGinn et al.  2001 ; Brunner et al.  2005 ,  2006 ; 
Caravatta et al.  2012 ; Sun et al.  2010 ). Up to 
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  Fig. 7.5    Elective nodal treatment can be considered 
especially in neoadjuvant and borderline resectable dis-
ease. Ventral ( a ) and dorsal ( b ) schematic view of the per-
centage of nodal spread in pancreatic head tumours at 
primary resection (regions as in Table  7.3 ). Based on this 
analysis a very concise nodal CTV can be tailored ( c ): 
anterior pancreaticoduodenal ( indigo ), posterior pancre-

aticoduodenal ( turquoise ), superior mesenteric ( purple ), 
paraaortic ( green ); ( d ) The relationship of PTV size ( mL ), 
total dose ( Gy ) and maximal tolerated dose ( MTD ) with 
concurrent gemcitabine; ( e ) FDG-PET/CT can be very 
useful for GTV delineation especially in cases with duo-
denal invasion (duodenum  pink ; PET-GTV  red ; CT-GTV 
 salmon )       
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80 % of all resectable pancreatic head tumours 
have regional lymphatic metastasis, which sug-
gests that inclusion of lymphatics may enhance 
locoregional control especially in patients with 
borderline resectable pancreatic cancer. In an 
analysis of 175 patients with pancreatic head 
tumours who underwent primary resection, we 
analysed the rate of positive lymph nodes for the 
regional lymphatics (Brunner et al.  2005 ). Of 
note, it is expected that patients where chemora-
diotherapy is indicated are expected to have more 
advanced tumours compared to this surgical 
cohort and therefore also to have higher positive 
lymph node rates. 

 Extended retroperitoneal lymphadenectomy 
was not performed in this study, and therefore, 
data from the literature on para-aortic lymphatics 
were additionally analysed for that nodal region 
(Kayahara et al.  1993 ,  1999 ; Nagakawa et al. 
 1994 ). The overall frequency of para-aortic dis-
ease is reported to be between 15 and 18 % in 
pancreatic head tumours with much higher rate of 

micrometastasis. Due to the intricate lymphatic 
communication between the posterior pancreatic 
area and the para-aortic area, the adjacent para-
aortic area has to be assumed as a common reason 
for regional local failure (Deki and Sato  1988 ). 
On the transversal plane, the region to the right 
of the inferior vena cava and dorsally to this ves-
sel contained metastatic disease in <5 and >10 % 
anterior and to the left. All positions around the 
aorta had a frequency >10 % (Nagakawa et al. 
 1994 ). A subsite analysis of the para-aortic area 
in the craniocaudal direction showed the spread 
of disease exclusively between the coeliac trunk 
and the inferior mesenteric artery (Kayahara 
et al.  1999 ). Two thirds of para-aortic metastases 
were situated above and at the level of the root of 
the renal veins, and metastases below that land-
mark correlated with a tumour diameter >3 cm 
(Brunner et al.  2005 ). 

7.6.1     Defi nitive and Neoadjuvant 
Treatment 

 Based on the above-described data, the following 
elective lymph node regions were selected to be 
included for:
•    Carcinoma of the pancreatic head 1  or of the 

junction between the head and the body:
 –    Superior, inferior, ventral and dorsal pan-

creaticoduodenal lymph nodes  
 –   Lymph nodes of hepatoduodenal ligament  
 –   Superior mesenteric lymph nodes  
 –   Para-aortic lymph nodes (level of coeliac 

trunk to superior mesenteric artery)     
•   Carcinoma at the pancreatic body-tail junction 

and tumours in the medial third of the pancre-
atic tail (Sobin et al.  2009 )
 –    Superior, inferior, ventral and dorsal pan-

creaticoduodenal lymph nodes  
 –   Superior mesenteric lymph nodes  
 –   Para-aortic lymph nodes (level of coeliac 

trunk to superior mesenteric artery)     

1   For practical purposes, the head of the pancreas lies to 
the right of the aorta, the body of the pancreas lies in front 
of the aorta, and the tail of the pancreas lies to the left of 
the aorta. 

    Table 7.3    Pattern of lymph node metastases   

 JPS (Nagakawa 
et al.  1993 ) 
classifi cation  Nodal area 

 Percentage of 
positive nodes 

 Pancreatic head tumours 
 17  Anterior 

pancreaticoduodenal 
 23 

 13  Posterior 
pancreaticoduodenal 

 37 

 –  Suprapancreatic head  25 
 –  Infrapancreatic head  24 
 –  Suprapancreatic body  11 
 12  Hepatoduodenal 

ligament 
 18 

 9  Coeliac trunk  5 
 14  Superior mesenteric 

artery 
 10 

 16  Para-aortic  22 
 Pancreatic body/tail tumours 
 8  Common hepatic 

artery 
 15 

 9  Coeliac trunk  10 
 11  Splenic artery  36 
 14  Superior mesenteric 

artery 
 10 

 16  Para-aortic  16 
 18  Inferior pancreatic 

body 
 24 
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•   Carcinoma of the lateral two thirds of the pan-
creatic tail
 –    Peripancreatic lymph nodes of the body 

and tail  
 –   Coeliac lymph nodes  
 –   Splenic artery lymph nodes  
 –   Superior mesenteric lymph nodes  
 –   Para-aortic lymph nodes (level of coeliac 

trunk to superior mesenteric artery)        

7.6.2     Adjuvant Treatment 

 For adjuvant therapy, the Radiation Therapy 
Oncology Group (RTOG) has defi ned in a con-
sensus panel guidelines for the delineation of the 
CTV in pancreatic head cancer (Goodman et al. 
 2012 ). Additionally to the preoperative tumour 
volume and the pancreaticojejunostomy, these 
guidelines defi ne the following four elective 
nodal volumes: coeliac artery (CA), superior 
mesenteric artery (SMA), portal vein (PV) and 
aorta (Table  7.4 ).

7.6.3        Practical Process 
of Contouring 
for Neoadjuvant 
and Defi nitive Treatment 

•     Contouring of the primary tumour:
 –    The fi rst step is contouring of the pancre-

atic tumour on an adequately contrasted 
CT planning scan and where necessary or 

available with information from diagnostic 
MRI or PET-CT.  

 –   If available, 4D-information should be 
used to create an ITV.  

 –   The ITV or the GTV is expanded to create 
a CTV (most often 5 mm of margin are 
used).  

 –   The CTV of the primary tumour is expanded 
to create a PTV. The margin required depends 
on institutional setup accuracy and on 
motion control. Without any motion control 
and 4D-information, often a margin added to 
the GTV of 15 mm on the axial plane is used 
and 20 mm in the craniocaudal direction. If 
an ITV was created, signifi cantly smaller 
margins can be used to create the PTV (e.g. 
CTV to PTV 5 mm in all directions).     

•   Contouring of involved lymph node(s):
 –    This is performed using exactly the same 

method as for the primary tumour. 
Depending on the location of the node(s), 
craniocaudal respiratory motion may differ 
from the motion of the primary tumour.     

•   Contouring of elective nodal volumes:
 –    Contour the section of the pancreas where 

the primary tumour is located: for pancre-
atic head tumours, this is the pancreatic 
head and body including the uncinate pro-
cess to the left edge of the aorta.  

 –   Expand this structure by 5 mm to obtain the 
peripancreatic nodal CTV. Exclude the 
duodenum and the stomach from the CTV.  

 –   Outline the portal vein from the junction 
of the cystic duct into the CBD to the 

   Table 7.4    Delineation recommendations   

 Clinical target volume structures  Defi nition 

 Preoperative tumour volume  Including surgical clips (see text in  7.4.2.2 ) 
 Contour of preoperative tumour volume from preoperative imaging 

 Pancreaticojejunostomy (PJ)  Contour the PJ from the anastomosis with pancreatic remnant to the junction 
with the jejunal loop 

 Celiac artery (CA)  The most proximal approximate 1.0–1.5 cm of the CA from its origin from the 
aorta up to the fi rst branching 

 Superior mesenteric artery (SMA)  The most proximal approximate 2.5–3.0 cm of the SMA from its origin from the 
aorta 

 Portal vein (PV)  Cover the choledochal or hepaticojejunostomy and porta hepatis nodes. Contour 
the PV from the confl uent up to its bifurcation 

 Aorta  The aorta is contoured from the most superior contour of the CA, PV or 
pancreaticojejunostomy to the bottom of the lumbar vertebral body 2. The 
inferior border is lower if the preoperative GTV is more caudal than L2 
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 confl uent. Expand the structure by 5 mm 
in all directions except to the right and to 
the left.  

 –   Outline the coeliac trunk from its origin in 
the aorta to the branching and expand by 
5 mm in all directions except anteriorly and 
posteriorly.  

 –   Outline the aorta from the coeliac trunk to 
the inferior mesenteric artery in tumours 
>3 cm or to the lower renal vein if smaller. 
Add a margin of 10 mm in all directions 
except superiorly and inferiorly. Where 
this volume extends into bone, manually 
edit this volume to exclude the vertebral 
bodies. For tumours of the lateral two 
thirds of the pancreatic tail, the inferior 
border is the lower border of the lowermost 
renal vein.  

 –   Outline the inferior vena cava caudally of 
the liver parenchyma to the same caudal 
level as the aorta. Add a margin of 10 mm 
only to the left and ventrally. Where this 
volume extends into bone, manually 
edit this volume to exclude the vertebral 
bodies.  

 –   Merge the CTV-aorta and the CTV-inferior 
vena cava to form a CTV-para-aortic.  

 –   Merge all the other CTVs and the CTV-
para- aortic to create CTV1.     

•   Expand CTV1 with an isotropic margin to 
create PTV1 which needs to contain 
PTV2 entirely (PTV of the primary 
tumour).  

•   Contour the normal structures:
 –    Stomach  
 –   Duodenum: from the pylorus to the duode-

nojejunal fl exure (ligament of Treitz)  
 –   Small bowel: at least 2 cm superior and 

inferior of the PTV.
•    Either single loops  
•   Or peritoneal cavity (Eppinga et al. 

 2010 ) from the cranial level of the pan-
creas in the caudal direction minus 
colon      
 –    Kidneys  
 –   Liver  
 –   Spinal cord     

•   Trim the PTV to avoid circumferential expo-
sure of the duodenum.         
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8.1            Introduction 
and Background 

8.1.1     Standard Treatment 
in Esophageal Cancer 

 Esophageal cancer is an aggressive malignancy 
with a high risk of locoregional recurrence and 
development of distant metastases mainly to the 
lymph nodes, liver, lung, and peritoneum. 

 The incidence of squamous cell cancer is still 
increasing in underdeveloped countries due to 
rising abuse of alcohol and nicotine during the 
last decades. 

 On the other hand, a pronounced rise of ade-
nocarcinoma of the pericardial region in the 
Western world mainly caused by refl ux disease is 
apparent (Lagergren and Lagergren  2013 ). 

 The outcome is poor in all advanced stages, 
with 5-year survival after R0 resection between 
20 and 50 % (Cense et al.  2006 ). 

 While esophageal cancer is usually detected 
in advanced stages, with 70 % of all new cases 
being stages III and IV, the 5-year survival rate 
of all patients with esophageal cancer is not 
above 10 % (Bystricky et al.  2011 ; Cheng et al. 
 2013 ). The type of tumor recurrence after 
locally aggressive treatment (including trimo-
dality therapy: radiochemotherapy followed by 
surgery) is a locoregional and a distant one, 
with up to 50 % of the patients developing 
both locoregional and systemic recurrences 
(Bedenne et al.  2007 ; Sudo et al.  2013 ). 
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 Dominant risk factors for tumor recurrence 
and overall survival are T- and N-stage, in detail 
the local tumor spread – infi ltration of the medi-
astinum, tracheobronchial tree, and pericardium 
– and the infi ltration of locoregional lymph 
nodes, with the latter being present in 5 % of 
mucosal carcinoma, in 30 % of submucosal can-
cer, and in even more than 80 % in tumors not 
confi ned to the esophagus (Hosch et al.  2001 ), 
causing about 40 % of all local tumor recur-
rences. This confi rms the relevance of a precise 
locoregional tumor-staging procedure (Yam et al. 
 2014 ). 

 In principle, the localization of the esophageal 
cancer and its histopathological subtype infl u-
ence the regional and distant spread of the tumor 
and, thereby, the treatment options including 
resectability (Bystricky et al.  2011 ). 

 Surgical resection with or without periopera-
tive radiochemo- or chemotherapy may be the 
dominant curative procedure of the lower esoph-
agus with adenocarcinoma and with squamous 
cell carcinoma without contact to the tracheo-
bronchial tree. In all locally advanced tumors of 
the cervical esophagus and tumors with contact 
to the tracheobronchial stem, defi nite radio- or 
radiochemotherapy may be the treatment of 
choice (Cooper et al.  1999 ; Stahl et al.  2005 ; 
Bedenne et al.  2007 ; Allum et al.  2011 ).  

8.1.2     Standard Diagnostic in 
Esophageal Cancer 

 Ahead a defi nite treatment decision, a precise 
staging has to be conducted. This typically 
includes at least a computed tomography of the 
cervical, thoracic, and abdominal region; a cervi-
cal ultrasound for tumors of the cervical and 
upper thoracic esophagus; full endoscopy of the 
esophagus and the stomach, including an endo-
sonography for the defi nition of the tumor stage; 
and a bronchoscopy for all stage uT3–4 tumors of 
the cervical and upper thoracic area. In advanced 
tumors, an FDG-PET-CT scan is superior detect-
ing the regional and distant tumor extension and 
a valuable prerequisite of radiation treatment 
planning (Vesprini et al.  2008 ; Allum et al.  2011 ). 

 Nevertheless, none of the available imaging 
techniques can reliably predict the presence of 
lymph node metastases. The problem with all 
imaging techniques is that lymphatic spread can 
only be inferred by the documentation of enlarged 
nodes or highly increased metabolism, which gives 
an accuracy of less than 70 % (Siewert et al.  2008 ).   

8.2     Anatomy and Tumor Spread 

 There are some tumor classifi cations based on 
the location of the primary tumor and on the his-
tological subtype. Worldwide, still the dominant 
histological subtype is squamous cell esophageal 
cancer. It can be classifi ed according to its loca-
tion in the proximal, middle, and distal third of 
the esophagus. Cancer of the upper third of the 
esophagus usually infi ltrates the cervical and 
mediastinal lymph nodes, while tumors of the 
middle third mainly metastasize to the mediasti-
nal and upper perigastric lymph nodes and carci-
noma of the lower third to the lower mediastinal 
and abdominal lymph nodes (Gertler et al.  2014 ). 

 More recently (Liebermann-Meffert et al. 
 2001 ; Cense et al.  2006 ) and with clinical rele-
vance, the carcinoma of the esophagus is catego-
rized into:
•    Tumors of the cervical esophagus (“cervical 

esophageal cancer”): from the lower edge of 
the cricoid cartilage to the thoracic inlet 
behind the suprasternal notch  

•   Tumors with contact to the tracheobronchial 
tree above or at the level of the tracheal bifur-
cation (“suprabifurcal esophageal cancer”; in 
locally advanced disease, often contact with 
the left main stem bronchus): from the thoracic 
inlet to the level of the tracheal bifurcation  

•   Tumors without contact to the tracheobron-
chial tree in the lower mediastinum (“infrabi-
furcal esophageal cancer”) (3)    
 Both the pattern of lymphatic spread and the 

selection of treatment strategy are guided by this 
topographic classifi cation. 

 The second most common cancer of the esopha-
gus worldwide, but the most common in the Western 
world and below the tracheal carina, is the adeno-
carcinoma of the esophagogastric area (AEG). It is 
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subdivided into three subgroups, depending on the 
anatomic location of the tumor center in relation to 
the cardia and its natural behavior – AEG I from 5 
to 1 cm cranial of the cardia, behaving similar to 
squamous cell cancer of the distal esophagus, and 
AEG II and III located in or below the cardia, dealt 
with like typical gastric cancer:
•    AEG type I: Adenocarcinoma of the distal 

esophagus above the cardia and usually aris-
ing from an area with intestinal metaplasia of 
the esophagus  

•   AEG type II: True carcinoma of the cardia 
directly arising from the cardiac epithelium or 
short segments with intestinal metaplasia at 
the esophagogastric junction  

•   AEG type III: Subcardial gastric carcinoma 
subsequently infi ltrating into the esophago-
gastric junction and distal esophagus    
 Regarding the regional tumor spread, length 

of tumor, increasing depth of tumor infi ltration, 
lymphocytic infi ltrate, angiolymphatic and neu-
ral invasion, as well as poor tumor differentiation 
and lower age are discussed as relevant risk fac-
tors (Bollschweiler et al.  2006 ; Ancona et al. 
 2008 ; Cheng et al.  2013 ). 

 In principle, the lymphatic drainage system of 
the esophagus is complex. There is a longitudinal 
lymphatic drainage, and especially in the submu-
cosal area it is abundant (Fig.  8.1 ; Cense et al. 
 2006 ; Gertler et al.  2014 ). For defi ning the clini-

cal target volume, this early tumor spread via 
subclinical and  diffuse submucosal invasion and 
also and concurrent the subclinical infi ltration of 
lymph nodes have to be considered in detail 
(Cheng et al.  2013 ). Even in early-stage carci-
noma (p1sm disease), distant lymph node metas-
tases can be found.

   In addition, skip metastases as an intraesopha-
geal spread of tumor cells in submucosal lymphat-
ics are frequently observed in esophageal cancer 
(Cheng et al.  2013 ). This infl uences the target vol-
ume, too, with an increasing likelihood from pT1 
tumors (about 4 %) to pT4 tumors (about 30 %). It 
should also be regarded that a metachronous or 
even synchronous secondary cancer of the upper 
aerodigestive tract can occur in up to 10 %. 

 This tumor behavior has major implication on 
the target volume of defi nite and preoperative 
radiotherapy as well. On the other hand, patient’s 
status and comorbidities should be taken into 
account, not to unnecessarily increase the risk of 
side effects by unjustifi ed enlargement of the tar-
get volume. It is not yet proven if elective nodal 
irradiation is reasonable (Zhao et al.  2010 ). 

 As a basis for treatment planning, the classifi -
cation of the Japanese Society for Esophageal 
Diseases may be used (Table  8.1 ), although only 
very recent publications with detailed prescrip-
tion of lymph node spread refer to this terminol-
ogy (Cheng et al.  2013 ) (Table  8.2 ).

Tis

m1

ep

lp
mm

sm

mp

ad

m2 m3 sm1 sm2 sm3

T1a T1b  Fig. 8.1    Classifi cation of 
tumor depth for superfi cial 
esophageal cancer.  Ep  
epithelium,  lp  lamina propria, 
 mm  muscularis mucosae,  m  
mucosa,  sm  submucosa,  mp  
muscularis propria,  ad  
adventitia (from Ancona et al. 
 2008 )       
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    In principle, the direction of lymphatic fl ow is 
primarily directed to the upper mediastinum and 
cervical region in patients with suprabifurcal 
tumors and to the lower posterior mediastinum 
and celiac axis in patients with infrabifurcal 
tumors. Tumors located at the level of the tracheal 
bifurcation tend to metastasize in both directions 

(Cheng et al.  2013 ). It should be considered that, 
especially in squamous cell carcinoma of the 
esophagus, even very early cancer (T1sm1) may 
infi ltrate lymphatic vessels and disseminate into 
regional and distant lymph nodes (a detailed rec-
ommendation is presented in Table  8.4 ). 
Lymphographic studies and histopathological 
specimen indicate a lymphatic pathway from the 
lower esophagus upward into the mediastinum 
and also downward along the celiac axis (Fig.  8.2 ).

8.3        Target Volume Defi nition 
in Trials and Guidelines 

 The guidelines and recommendations of radiation 
therapy have been extremely simple in the vast 
majority of former clinical trials. While the length 
of treatment portals, later the length of the target 
volume, has been described just by two numbers 
in former trials – margins between 3 and 5 cm 
above and below the primary – it became nowa-
days obvious that an optimization of radiation 

   Table 8.1    Terminology of the regional lymph nodes in 
esophageal cancer (according to the Japanese Society of 
Esophageal Diseases (Fujita et al.  2002 ; Japanese Society 
for Esophageal Diseases  2004 ; Cheng et al.  2013 ) and 
according to the RTOG (Korst et al.  1998 )   

 Description of LN 
position 

 Numbering 
(Japanese) 

 Numbering 
(RTOG) 

 Superfi cial cervical  100 (right, 
left) 

 Cervical paraesophageal  101 (right, 
left) 

 Deep cervical  102 (right, 
left) 

 Peripharyngeal  103 (right, 
left) 

 Supraclavicular  104  1 
 Upper thoracic 
paraesophageal 

 105 

 Middle thoracic 
paraesophageal 

 108  8 (middle) 

 Lower thoracic 
paraesophageal 

 110  8 (lower) 

 Recurrent nerve  106 rec 
 Pretracheal  106 pre 
 Aortopulmonal  5 
 Paratracheal superior  2 (right, left) 
 Paratracheal inferior  4 (right, left) 
 Tracheobronchial  106 tbL 

(left) 
 10 (right, 
left) 

 Bifurcational  107  7 
 Main bronchus  109 (right, 

left) 
 Supradiaphragmatic  111  15 
 Posterior mediastinal  112  3 
 Ligamentum arteriosum 
Botallo 

 113 

 Anterior mediastinal  114  6 
 Cardiac  1 (right), 2 

(left) 
 16 

 Lesser curvature  3 
 Greater curvature  4 
 Left gastric artery  7  17 
 Common hepatic artery  8  18 
 Splenic artery  11  19 
 Celiac artery  9  20 

    Table 8.2    Prediction of lymph node status according to 
infi ltration depth (positive lymph nodes in %)   

 First author 
 Pat. 
No.  T-stage  Histology 

 AD  SCC 
 Ancona et al. 
( 2008 ) 

 27  1 m  0  0 
 71  1sm1  8.3  12.5 

 1sm2 
– 3 

 42.9  50 

 Bollschweiler et 
al. ( 2006 ) 

 16  1 m  0  0 
 44  1sm1  22  33 

 1sm2  0  17 
 1sm3  78  69 

 Siewert et al. 
( 2008 ) 

 1002  1 m  0  22 
 1sm1 
– 3 

 18  22 

 2  67  50 
 3  85  74 
 4  89  79 

 Gockel et al. 
( 2011 ) 

 289  1sm1  6  27 
 340  1sm2  23  36 
 601  1sm3  58  55 

 Hölscher et al. 
( 2011 ) 

 70  1 m  0  0 
 101  1 sm1  9  29 

 1sm2  13  27 
 1sm3  43  76 
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therapy besides an improvement of surgery and 
further escalating the combinations of chemo- or 
targeted therapies is essential. Only by optimizing 
the locoregional control, making the risk of 
regional tumor recurrences by far less than 40 %, 
cure can be achieved. On the other hand, normal 
tissue sparing especially in multimodality con-
cepts is a prerequisite. Therefore, in modern trials, 
precise defi nitions of clinical target  volumes and 
dose-volume constraints are standard (Table  8.3 ).

8.3.1       Target Volume Defi nition in 
Defi nitive Radiation Therapy 
and Combined Chemoradiation 

 In patients with squamous cell esophageal cancer, 
the tumor detected by endoscopy and CT or FDG-
PET-CT scan is covered with magins of up to 5 cm 
in craniocaudal direction, as the vast majority of 
clinical trials have defi ned. Carcinoma of the upper 
cervical esophagus may be treated with smaller 

margins in cranial direction to spare the vocal cord 
but to guarantee to fully encompass all tumor 
extension into the upper esophageal sphincter. No 
data exist if the margin may be shortened, to avoid 
severe obstruction of the superior sphincter. 

 For distal adenocarcinoma of the esophagus, 
especially in more advanced tumors, lymph 
nodes of the paracardial region, the posterior 
lower mediastinum, and the lesser curvature side 
of the stomach, along the left gastric artery 
toward the celiac axis, should be included. Due to 
the low tolerance dose of the stomach, the lymph 
nodes of the greater curvature should be spared at 
the latest from 45 Gy (details in Table  8.4 , 
Figs.  8.3 ,  8.4 , and  8.5 ).

8.3.2           Target Volume Defi nition 
in Preoperative Setting 

 In patients with squamous cell esophageal cancer, 
a subtotal esophagectomy via a right transthoracic 

Lymphatic spread

1

2

3

Cervical
esophagus

Esophageal
cancer with
contact to
the tracheo-
bronchial
tree

Lower
mediastinal
esophagus

Celiac lymph nodes

Diaphragm

  Fig. 8.2    Spread 
of esophageal cancer 
into regional lymph nodes: 
cervical cancer infi ltrates 
predominantly in cranial 
direction and lower 
mediastinal cancer to the 
lower posterior mediastinum 
and celiac axis. Tumors at 
the level of the tracheal 
bifurcation metastasize in 
both directions       
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and abdominal approach is usually indicated due 
to the frequent longitudinal submucosal 
 lymphangiosis. It is required for an adequate 
mediastinal and upper abdominal lymphadenec-
tomy (two-fi eld lymphadenectomy). At most 

institutions, a two-fi eld lymphadenectomy com-
prises the following (Fumagalli et al.  1996 ):
•    The periesophageal lymph nodes above the 

diaphragm and along the vena cava superior  
•   The lymph nodes at the tracheal bifurcation  

   Table 8.3    Defi nition of clinical target volume (CTV) in recent clinical trials (without cervical esophageal cancer) and 
guidelines   

 First author  Tumor 
 Oral margin 
(CTV) (cm) 

 Aboral margin 
(CTV) (cm) 

 Axial margin 
(CTV) (cm)  Further recommendations 

 Stahl et al. ( 2009 )  AEG 1-2  5  3  2  All positive LN with 1 cm 
margin 
 Elective nodal irradiation 
(No. 1, 2, 3, 7, 8, 9, 11) 
 Mean dose kidney < 15 Gy 
 Mean dose liver < 17 Gy 

 Crosby et al. 
( 2013 ) 

 SCC and AEG 
1-2 

 2  2  1  No nodal irradiation 
 V20 lung < 25 % 
 V40 heart < 30 % 

 Tomblyn et al. 
( 2012 ) 

 SCC and AEG 1  5  5  1  All positive LN with 2 cm 
margin 
 Elective nodal irradiation 
for upper (No. 104) and for 
lower mediastinal cancer 
(No. 9) 

 Wang et al. ( 2012 )  SCC  3  3  0.8  V20 lung < 30 % 
 V30 lung < 18 % 
 Dmean heart <45 Gy 

 CALGB 9781  SCC and AEG 1  5  5  2  Elective nodal irradiation 
in upper (No. 104) and in 
lower mediastinal cancer 
(No. 9) 

 French FFCD 9102  SCC and AEG 1  3  3  2  Elective nodal irradiation 
in upper (No. 104) 
mediastinal cancer 

 SAKK 75/08  SCC and AEG 
1-2 

 3.5  3.5  1  All positive LN 
 Elective nodal irradiation 
in upper/middle (No. 105, 
108) and distal esophageal 
cancer (No. 9) 

 NCCN ( 2013 )  SCC and AEG  3–4  3–4  1  All positive LN with 
0.5–1.5 cm margin 
 Elective nodal irradiation 
in cervical (No. 101, 102, 
103,104), upper and 
middle mediastinal cancer 
(No. 104, 105) and AEG I 
(No. 110, 9, 3) 
 V20 lung < 20 % 
 V40 lung < 40 % 

   AEG  adenocarcinoma of the gastroesophageal junction,  SCC  squamous cell carcinoma,  LN  lymph nodes, 
 No.  LN location according to the Japanese defi nition,  V20/40  volume receiving 20/40 Gy  
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  Fig. 8.3    Anterior barium contrast swallowing and CT 
scan. Locally advanced cervical esophageal cancer: cra-
nial border of the CTV Os hyoid and bilateral cervical 

LN, lower border 1.5 cm below the bifurcation (No. 100, 
101, 102, 103 (bilateral neck levels III–VI), 104, 105, 106 
rec, 106 pre, 107)       

  Fig. 8.4    Anterior barium contrast swallowing and CT 
scan. Locally advanced supracarinal esophageal cancer: 
cranial border close to the larynx and deep bilateral  cervical 

LN, lower border 5 cm below the bifurcation (104 (only the 
central part), 105, 106 rec, 106 pre, 106 tbL, 107, 108, 109 
(central part only), 110, 112, 113, 114)       

•   The paratracheal lymph nodes together with 
the nodes along the left recurrent nerve  

•   The abdominal suprapancreatic lymphatic 
compartment along the celiac axis    
 In patients with adenocarcinoma of the esoph-

agus, especially in more advanced tumors, lymph 

node metastases occur in decreasing order of 
prevalence in the paracardial region, the posterior 
lower mediastinum, the lesser and greater 
 curvature side of the stomach, along the left gas-
tric artery toward the celiac axis, at the superior 
border of the pancreas along the splenic artery 
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toward the splenic hilum, and in the area of the 
left adrenal gland and the left renal vein (Siewert 
and Stein  1997 ). Only in patients with advanced 
cancer and numerous positive locoregional nodes 
can an infi ltration of lymph nodes in the upper 
mediastinum or cervical region occur. Therefore, 
an extended lymph node dissection should include 
the removal of lymph nodes along the splenic 
artery, at the splenic hilus, and along the left renal 
vein behind the pancreas. To perform this retro-
peritoneal lymph node dissection, a left- sided 
pancreatic resection with splenectomy should be 
avoided because this procedure is associated with 
a substantial number of septic complications due 
to pancreatic fi stula and abscess formation. 

 These aspects have an implication on the tar-
get volume defi nition of a preoperative radioche-
motherapy. While lymph node dissection in the 
upper abdomen is less toxic than radiation ther-
apy, the radiation portals may not be too extended. 
The lymph nodes along the splenic artery (No. 
11), greater curvature (No. 4), common hepatic 
artery (No. 8), and celiac artery may be spared. A 
full clearing of the upper mediastinal lymph 
nodes and especially those with close contact to 
the tracheobronchial tree is less likely. All these 
areas should be covered by a suffi cient dose of 
radiation therapy. The procedure should be in 
detail adjusted with the surgeon, because an 
increasing target volume means a higher dose to 

the most critical structure composing the major-
ity of postoperative mortality, the lung. 

 Besides, the patient also should be evaluated 
for adequate liver, renal, and bone marrow func-
tion. Because preoperative combined radioche-
motherapy appears to increase postoperative 
morbidity after an esophagectomy, a thorough 
evaluation of the physiologic reserve and general 
status is essential in these patients to make sure 
that they can withstand a potentially prolonged 
and complicated postoperative course (Bartels 
et al.  1998 ). Toxicity can be severe, with up to 
more than 50 % CTC° II–IV hematological and 
gastrointestinal sequelae each. When offered, 
besides a perfect treatment planning, an optimal 
supportive care is essential, including a dedicated 
intensive ward for perioperative guardianship of 
the patient (Stein and Siewert  2004 ).  

8.3.3     Target Volume in 
Postoperative RT und RCT 

 The rationale for using adjuvant radiation is 
based on the pattern of failure after a complete 
resection, being between 12 and 67 % depending 
on the T- and N-stage (Mei et al.  1989 ; Gignoux 
et al.  1987 ; Teniere et al.  1991 ). 

 Although the majority of patients with esopha-
geal cancer die of distant metastasis, the incidence 

  Fig. 8.5    CT-scan and anterior 
barium contrast swallowing. 
Locally advanced infracarinal 
esophageal cancer: Tumor and 
margin of 5 cm cranio-caudal, 
cranial border typically 3 cm 
above the carina, lower border 
covering the perigastric 
nodes (lymph nodes of 1, 2, 
3, 4 (in AEG I), 7, 9, 106 tbL 
(in AEG I), 107, 108, 109 
(in AEG I), 110, 111, 112)       
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of local failure after surgery alone is high enough 
to examine the use of adjuvant radiation therapy. 

 Although nonrandomized trials have reported 
encouraging results with postoperative radiation 
therapy, there is no clear evidence in favor of an 
adjuvant irradiation (Zieren et al.  1995 ; Malthaner 
et al.  2004 ; Xiao et al.  2003 ) due to signifi cant 
increased morbidity. Even in a study with an 
extraordinary risk of postoperative local tumor 
progression after incomplete tumor resection, the 
addition of postoperative radiation therapy did not 
signifi cantly decrease local or distant failure or 
improve median survival (Fok et al.  1993 ). That 
means there is neither an indication for postopera-
tive radiation after complete nor after incomplete 
resection. Side effects are increased by postopera-
tive radiotherapy, which may be due to high total 
doses in some trials (45, 47) and lack of modern 
conformal radiotherapy with optimal sparing of 
critical organs as lung in all studies published in 
the 1990s from trials started in the 1980s. 
Therefore, postoperative radiotherapy might be 
offered as an individual decision in a patient recov-
ering fast from preceding surgery. In this situation, 
the clinical target volume may focus on the former 
primary site and close resection margins.   

    Conclusion 

 Treatment decision and completion in 
 esophageal cancer is a multidisciplinary task – 
radiologist, endoscopist, surgeon, internal 
oncologist, and radiation oncologist should be 
engaged to optimally defi ne the treatment con-
cept and, in case of radiation therapy, the gross 
tumor volume and the planning target volume. 

 There is evident data recommending con-
comitant radiochemotherapy or resection for 
locally advanced disease with no superiority in 
either and increasing evidence to combine both 
– preoperative radiochemotherapy and resec-
tion – for unresectable carcinoma in patients 
under good condition. Even patients with 
locally advanced carcinoma (stage III) may be 
cured, with 5-year recurrence-free survival of 
about 20 % (Cooper et al.  1999 ; Wong et al. 
 2003 ; Malthaner et al.  2004 ; Patel et al.  2004 ; 
Stahl et al.   2005 ; Bedenne et al.  2007 ; Allum 
et al.  2011 ). 

 However, combined treatments can cause 
severe side effects. Pulmonary and cardiovas-
cular complications are most frequent, fol-
lowed by anastomotic leakage (Ajani et al. 
 2013 ). Therefore, an extraordinary experience 
of the physicians is demanded. 

 Planning target volume and treatment plan-
ning of radiation therapy should follow strict 
rules established by clinical trials and adapted 
to the distribution of tumor recurrences in for-
mer trials. 

 Comorbidities have to be taken into account 
such as chronic obstructive lung disease and 
cardial insuffi ciency, in both aggressive dose- 
escalated radiation therapy and even more rel-
evant in preoperative multimodality concepts. 
Elective nodal irradiation has to be analyzed 
and indicated critically (Zhao et al.  2010 ; 
Ma et al.  2011 ). This may be comparable to 
surgical series, which have not been able to 
demonstrate a clear overall survival benefi t for 
extended lymphadenectomy in patients with 
squamous cell carcinoma and adenocarci-
noma of the esophagus. 

 An optimal supportive care program should 
start immediately after diagnosis, not to com-
promise the optimal treatment by awaiting the 
effect of supportive therapy too long.     
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9.1           General 

 Surgical resection is the mainstay of gastric can-
cer treatment. Total gastrectomy, or whenever 
possible subtotal gastrectomy, in combination 
with resection of the lymph nodes and the gastro-
colic omentum is performed. The extent of 
regional lymphadenectomy (D1 or D2) is a sub-
ject of controversial discussion. 

 Gastric cancer is both radio- and  chemosensitive. 
Therefore, local tumor control and overall sur-
vival can be enhanced by multimodal treatment 
strategies such as chemotherapy (CHT) and/or 
radiotherapy (RT). The phase III Intergroup Trial 
0116 showed that adjuvant chemoradiotherapy 
(CRT, 45 Gy irradiation, and 5-FU plus leu-
covorin) improved survival versus surgery alone 
(MacDonald et al.  2001 ,  2004 ,  2009 ). 

 However, gastric tumors often present in 
advanced stages and thus surgery is not always 
possible. Although there is a lack of phase III 
studies of neoadjuvant CRT compared to sur-
gery alone for gastric cancer, patients with gas-
troesophageal junction (GEJ) tumors benefi t of 
neoadjuvant CRT (Stahl et al.  2009 ; van Hagen 
et al.  2012 ). Further indications for RT are R1 
or R2 resection status and palliative treatment, 
if obstructive symptoms or local bleeding 
appears. 

 Perioperative CT as given in the MAGIC trial 
enhanced survival compared to surgery alone 
(Cunningham et al.  2006 ), but fi nal comparison 
between perioperative CT and adjuvant CRT is 
pending.  

9.2     Anatomy 

 The stomach is located between the gastroesoph-
ageal junction and the duodenum. It is divided 
into three major parts: the cranial part is the fun-
dus (cardia), the middle part is the corpus, and 
the caudal part is the antrum (pylorus). The sur-
face of the stomach is in close contact to several 
visceral structures. Gastric cancers tend to invade 
these structures aggressively. 

 The anterior part of the stomach is adjacent to 
the liver and the abdominal wall, whereas the 
back side is in contact to portions of the pancreas, 

transverse colon, spleen, left kidney, and left 
suprarenal gland. The complete stomach is cov-
ered with peritoneum, except for a small blank 
region near the gastroesophageal junction. 

 The lymphatic drainage follows mainly along 
the celiac axis and can be divided briefl y into 
seven lymph node (LN) regions: LNs along 
greater and lesser curvatures, suprapancreatic, 
celiac axis, para-aortics, gastroduodenal, porta 
hepatic, and splenic hilum. However, gastric can-
cers located in the upper third can metastasize to 
paraesophageal LNs as well. 

 The venous drainage follows predominantly 
along the portal system to the liver. Hence, liver 
metastasis can be found in around 30 % of 
patients (Figs.  9.1  and  9.2 ).   

9.3     Pattern of Failure 

 Awareness of pattern of failure after surgery, as 
well as knowledge of the relevant anatomy and 
organs at risk (OAR), must be the basis for tar-
get volume defi nition. In clinical, reoperative, 
and pathologic studies, mainly four different 
sites of failure after surgery have been described: 
local recurrence, LN failure, peritoneal metasta-
sis, or distant metastasis. Results of pattern of 
failure based on reoperation series in charge of 
the University of Minnesota and autopsy studies 
are summarized in Table  9.1  (Gunderson and 
Sosin  1982 ). These fi ndings imply that mainly 
local recurrence of the tumor bed, in the area of 
anastomotic junction, and local-regional LN 
failure appeared after surgery. Some autopsy 
studies even described local-regional failure 
rates up to 93 % (Horn  1955 ). These results 
demonstrate the potential benefi t of local-
regional radiotherapy.

   Pattern of lymphatic spread differs according 
to the localization of the primary tumor. On the 
one hand, tumors localized in the fundus tend to 
spread to splenic nodes (12–42 %), but less com-
monly to subpyloric lymph nodes. On the other 
hand, subpyloric nodes (~50 %) constitute the 
primary site of lymphatic spread of antral tumors, 
and splenic nodes are rather rarely involved 
(<10 %) (Smalley et al.  2002 ). 
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 However, peritoneal seeding is relatively fre-
quent in gastric cancer and has been described in 
the literature in up to 43 % of postgastrectomy 
patients (Gunderson and Sosin  1982 ). 

 Distant metastasis can be found most com-
monly in the liver, in approximately 30 % of 
cases and 10 % in the lung. Yet, with effective 
locoregional therapy, these secondary failures 
could be averted (Fig.  9.3 ).   

9.4     Immobilization 
and Simulation 

 Patients are usually simulated in supine position 
with arms raised above the head. For enhancing 
reproducibility, a variety of immobilization sys-
tems, for example, wing boards and vacuum 
cushions, are available. Legs are placed on knee 
fi xations and patients should be advised to fast 
for 3 h before simulation. 

 CT-based radiotherapy planning for gas-
tric cancers is obligatory. CT images should be 
acquired from above the diaphragm to below 
the kidneys at the level of vertebrae L4/L5. 
Application of intravenous contrast is use-
ful to identify the tumor and lymph nodes, but 
administration of oral contrast medium to visu-
alize gastric distension is only recommended 
for diagnostic CT, not for planning CT. Surgical 
clips may be used for matching, but the radia-
tion oncologist must be aware that the anatomy 
changes after surgery and that clips may not 
represent the resection margin, but rather vessel 
clips. Optimally, additional imaging like MRI 
or PET can be used for treatment planning and 
available CT slices should not exceed a thickness 
of 3 mm.  

  Figs. 9.1 and 9.2    LN drainage: Compartment 1 (DI resec-
tion):  1 . right cardial nodes;  2 . left cardial nodes;  3 . nodes 
along the lesser curvature;  4 . nodes along the greater curva-
ture;  5 . suprapyloric nodes;  6 . infrapyloric nodes. 
Compartment 2 (D2 resection):  7 . nodes along the left gas-
tric artery;  8 . nodes along the common hepatic artery; 

 9 . nodes around the coeliac axis;  10 . nodes at the splenic 
hilus;  11 . nodes along the splenic artery;  12 . nodes in the 
hepatoduodenale ligament;  13 . nodes at the posterior aspect 
of the pancreas head;  14 . nodes at the root of the mesente-
rium;  15 . nodes in the mesocolon of the transverse colon;  16 . 
paraaortic nodes. (Hartgrink and van de Velde  2005 )       

   Table 9.1    Pattern of failure (Hazard et al.  2006 )   

 University of 
Minnesota 
reoperation series 
( n  = 107) 

 Autopsy 
series 

 Pattern of relapse  %  % 

 Gastric bed  55  52–68 
 Anastomosis  27  54–60 
 Abdominal wound  5  – 
 Peritoneal seeding  42  30–43 
 Lymph nodes  43  52 
 Local-regional as any 
site 

 69  80–93 

 Local-regional only  23  – 
 Lymph nodes only  7  – 
 Lymph nodes only in 
nodal dissection sites 

 3  – 

 Distant metastases  36  50 
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9.5     Target Volume Defi nition 

 Accurate target volume defi nition is based on the 
surgical and pathology reports and the combina-
tion of imaging, including CT, endoscopy, and 
endoscopic ultrasound (EUS) as compulsory and 
PET as recommended modalities. 

9.5.1     Neoadjuvant and Defi nitive 
Radiation 

 For neoadjuvant and defi nitive radiotherapy treat-
ment, the gross tumor volume (GTV) typically 
encloses the primary tumor (GTV-tumor) and all 
involved lymph nodes (GTV-nodal). The clinical 
target volume (CTV) includes microscopic dis-
ease with the primary tumor and their regional 
lymphatics. In the past, the whole stomach was 
irradiated, but to minimize toxicity, the target 
volume now depends on the location of the pri-
mary tumor (PT) within the stomach and whether 
imaging has detected nodal metastasis:
•    For PT located in the fundus, the CTV includes 

the stomach with exclusion of pylorus, antrum, 
and pancreaticoduodenal lymph node region.  

•   For PT located in the corpus, the CTV includes 
the whole stomach with the regional lymph 
nodes.  

•   For PT located in the antrum, the CTV 
includes the stomach without fundus/cardia 
and splenic lymph node region.    
 Regardless of the location, a minimum margin 

of 5 cm in all directions to the GTV must be 
added. The internal target volume (ITV), which 
takes the target motion into account, should then 
be designed. Yet, 4-dimensional computed 
tomography (4D-CT) planning is not widely 
available. Therefore, the EORTC-ROG recom-
mends to expand the CTV 1.5 cm distally, 1 cm 
radially, and 1 cm proximally to create the ITV 
(Matzinger et al.  2009 ). At least, a 5 mm 3-D 
margin is added to the ITV to construct the PTV.  

9.5.2     Adjuvant Radiation 

 Optimally, the GTV has been completely resected 
at surgery, so the CTV encompasses the tumor 
bed with a 2 cm range proximally and distally of 
resection margins, as well as the anastomosis 
area and the perigastric nodes on the greater and 
lesser curvature. 

 Before encompassing the target volume, the 
radiation oncologist should study surgery and 
pathology reports carefully. Preoperative images 
of the GTV are useful to reconstruct the initial 
tumor localization on the present planning CT. 

  Fig. 9.3    Gunderson 
cartoon of hypothetical 
radiotherapy fi eld based on 
the University of 
Minnesota reoperation 
series (Gunderson and 
Sosin  1982 )       
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 Adjuvant radiation of the tumor bed in widely 
resected T1 to T2a tumors is optional, but highly 
recommended for tumor stages T2b to T4. 

 In addition, if the margin is less than 5 cm or 
if lymph nodes are involved, the residual stomach 
should be included in the CTV. In case of a proxi-
mal gastric tumor, 3–5 cm of the distal esophagus 
should be included in the CTV. 

 LN irradiation should be performed in any 
case, but the radiation volume is depending on 
the site of the primary tumor. If the primary 
tumor is localized in the upper third of the stom-
ach, infrapyloric and gastroduodenal lymph 
nodes may be omitted. In the same manner, for 
small gastric tumors of the lower third, splenic 
LN may be excluded from CTV.  

9.5.3     Organs at Risk (OAR) 

 To reduce toxicity, the whole volume of all OAR 
is contoured on the planning CT. 

 The maximal spinal cord dose must be kept 
below 45 Gy, which is usually not a problem; 
70 % of the volume of each kidney should not 
receive >20 Gy. Assuming that major parts of the 
kidney receive more than 20 Gy, the glomerular 
fi ltration rate of both kidneys should be measured 
before RT, to ensure that a suffi cient renal func-
tion exists. At least 30 % of the liver should not 
receive beyond 30 Gy (V30 <30 %). Moreover, 
30 % of the heart must not receive over 40 Gy 
and half of the heart must be kept under a total 
dose of 25 Gy. Attempts should also be made to 
minimize dose to the lungs, so less than 20 % 
should receive >20 Gy (V20 <20 %) (Table  9.2 ).

9.6         Radiation Therapy 
Techniques 

 In recent decades, the radiation technique for gas-
tric cancer has made a continual transition from 
parallel-opposed anteroposterior- posteroanterior 
(AP-PA) fi elds based on fi ndings by Gunderson 
et al. to conformal therapy with 3-dimensional 
CT planning and, fi nally, towards modern mul-
tiple-fi elds techniques like intensity- modulated 

radiation therapy (IMRT). Moreover, intraopera-
tive radiation therapy (IORT) in gastric cancer 
has been used in the multimodality approach 
when applied additionally to external beam radi-
ation therapy (EBRT). IORT has the potential to 
deliver a high dose (10–35 Gy) to the target vol-
ume while minimizing radiation exposure to the 
surrounding tissue, but the precise role of IORT 
in gastric cancer remains to be determined in fur-
ther investigations. 

 Often AP-PA fi eld arrangements were used in 
the past and resulted in large radiation volumes. 
Location of the target volume and the proximity 
of adjacent organs at risk lead subsequently to 
increased normal tissue toxicity and rates of ther-
apy dropout. 

 If AP-PA fi elds are applied, the radiation mar-
gins are traditionally defi ned based on distinctive 
anatomic structures. Hence, the cranial margin 
reaches to the left diaphragm, but for proximal 
tumors, the margin is extended more cranially 
with inclusion of 3–5 cm of the esophagus. The 
caudal border is usually placed at the level of L3 

   Table 9.2    Overview of radiation margins and tolerance 
of OAR   

 Cranial  Proximal anastomosis plus 2 cm 
 For proximal tumors include 3–5 cm of the 
esophagus (paraesophageal LNs) 

 Caudal  Inclusion of the subpyloric/
pancreaticoduodenal LNs (N3, to the 
level of L3) 
 For proximal tumors with limited LN 
involvement to the level of L1/2 (truncus 
coeliacus Th12) 

 Left  Inclusion of the splenic hilum (LNs) 
 For proximal, gastric wall exceeding 
tumors (≥T3) include left diaphragm 

 Right  Primary tumor extension (antrum) 
 Porta hepatis (LNs) 

 Ventral  Abdominal wall (peritoneum) 
 Dorsal  The ventral third of the vertebral body 
 Kidneys  If both kidneys included, maximum 1/4 of 

one kidney >20 Gy 
 Spare volume according to one kidney 

 Liver  Maximum 30 % volume <30 Gy 
 Heart  Maximum 30 % volume <40 Gy 
 Spinal 
cord 

 Usually not a problem, be careful when 
boost radiation is given 

 Lungs  Maximum 20 % volume <20 Gy 
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to include the pancreaticoduodenal LNs, whereas 
the left border comprises the LNs of the splenic 
hilum as well as the greater curvature. The right 
border encloses the porta hepatis and the preop-
erative tumor extension. 

 The supplementation of oblique or lateral 
fi elds to AP-PA fi elds provides a potential benefi t 
in patients with anteriorly located gastric cancer. 
Nevertheless, by using such techniques, the toler-
ance of liver and kidneys is limited to <20 Gy. 

 Whenever preoperative CT scans are available, 
3-D planned therapy should be preferred. It is well 
known that planning in three dimensions allows 
more precise mapping of high-risk areas. Moreover, 
by delivering higher doses to the target volume, 
local control can be considerably improved. 

 To evaluate doses at OAR and to estimate sub-
sequent toxicity, dose-volume histograms 
(DVHs) should be used. 

 Several studies confi rm advantages of 3D con-
formal radiotherapy compared to AP-PA tech-
niques in target volume coverage while protecting 
OAR (Leong et al.  2005 ; Ringash et al.  2005 ). 
These advantages were gained by dose reduction 
in kidneys while liver and spinal cord dose remain 
below the critical tolerance dose. To avoid mar-
ginal misses, the target volume must be identifi ed 
and delineated accurately. 

 Multiple fi eld arrangements, like IMRT, allow 
optimally adjusted target dose distributions while 
reducing the dose to surrounding OAR like the 
kidneys, heart, liver, and spinal cord (Lohr et al. 
 2003 ; Wieland et al.  2004 ). 

 Although these modern radiation techniques 
improved rapidly in the last decade, irradiated vol-
umes may be unavoidably large to take into 
account setup variations and target motion caused 
by respiration movement, peristalsis, and intesti-
nal fi lling. Both interfractional and intrafractional 
setup variations may infl uence the accuracy of 
radiotherapy considerably. IMRT in gastric cancer, 
with its steep dose gradients and narrow margins 
around the PTV, should be supplemented when-
ever possible with image-guided radiation therapy 
(IGRT). Among various image guidance methods, 
such as cone-beam CT (CBCT), ultrasound, and 
electromagnetic signals, CBCT has a dominant 
position in gastric cancer treatment. It can be 

 performed fast (within 5 min) with relatively low 
additional radiation exposure (~20 mGy/scan). 
Various studies suggest daily CBCT or ultrasound 
imaging prior to radiation to enhance positioning 
accuracy and shrink PTV margins whereby dose 
in OAR can be minimized (Boda-Heggemann 
et al.  2009 ; Matoba et al.  2012 ). Image guidance 
correction can be performed by matching CBCT 
images automatically or manually with images 
generated by the planning CT based on bony struc-
tures and soft tissue. In general, normal structures 
such as the truncus coeliacus, kidneys, liver, or 
parts of the gastrointestinal tract help the oncolo-
gist in treatment planning. Additionally, position-
ing with skin marks compared with laser devices 
will help for daily patient setup. Electronic portal 
imaging devices (EPIDs) may be used to adjust 
treatment setup to digitally reconstructed radio-
graphs (DRR), which are calculated from the CT 
data set (Figs  9.4  and  9.5 ).    

  Fig. 9.4    Simulation fi lm for a T4 (diaphragm invasion) 
gastroesophageal junction tumor with 4 of 15 metastatic 
involved lymph nodes. With the aid of preoperative CT 
scans, areas at risk particularly the preoperative tumor bed, 
anastomotic sites, gastric stump, and regional lymph nodes 
(celiac axis, greater and lesser curvatures, suprapancreatic, 
para-aortics, porta hepatic, splenic hilum, and pancreatico-
duodenal nodes) can be defi ned. Notice that three fourths of 
the right kidney and one third of the left kidney can be 
spared with such technique (Smalley et al.  2002 )       
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9.7     Dose-Fractionation 

 For neoadjuvant therapy, a total dose of 45 Gy in 
25 fractions of 1.8 Gy on 5 days a week is recom-
mended by EORTC-ROG. 

 For defi nitive therapy, a dose of 45 Gy in 25 
fractions of 1.8 Gy on 5 days a week is conven-
tionally administered. A boost radiation therapy to 
a total dose of 54–59.4 Gy may be considered. 

 For adjuvant therapy, chemoradiotherapy 
consists of a total dose of 45 Gy delivered in 25 
fractions, 1.8 Gy daily for 5 days a week with 
concomitant 5-Fu/leucovorin or oxaliplatin/
capecitabine (XELOX) (Hofheinz et al.  2009 ). 
A total dose of 50.4–54 Gy seems to be appropri-
ate in patients with residual disease.  

9.8     Complications and Toxicity 

 Side effects and potential complications follow-
ing radiation are dose and volume dependent 

and can be minimized if radiation is carefully 
implemented. Suffi cient nutrition (a minimum 
of 1,500 Cal/day) prior to radiation is war-
ranted and monitored throughout the therapy 
by assessing the patient’s weight at least once 
a week. Acute side effects may be in particu-
lar nausea, anorexia, and fatigue. Premedication 
1–3 h before RT with antiemetics, such as 
5-HT3-serotonin antagonists, appears to be rea-
sonable. Concomitant chemotherapy can lead 
to myelosuppression. Therefore, blood counts 
should be monitored through therapy in regu-
lar intervals. However, with total doses below 
50 Gy, radiation-induced late effects are in gen-
eral rare, but incidence increases with doses 
over 60 Gy and more. The major late effects are 
ulceration, dyspepsia, and radiation gastritis. 
For ulcer prophylaxis, proton pump inhibitors 
(PPI) or H2-blockers are available. 

 Nevertheless, future studies need to evaluate 
rates of late effects including secondary cancers 
in long-term survivors of gastric cancer.     

  Fig. 9.5    Panel 1: a 3-dimensional conformal radiation 
therapy (3DCRT) plan for a patient with gastric cancer 
(45 Gy for the PTV and 5,4 Gy boost for the R1 region). 
Transversal ( a – c ), sagittal ( d ), and coronal ( e ) dose distri-
butions are shown. Cave: the whole cranial part of the left 
kidney is located in the high-dose area which may result 

in relevant acute or late renal toxicity. Panel 2: optimized 
IMRT plan (45 Gy total dose). Transversal ( a '– c '), sagittal 
( d '), and coronal ( e ') dose distributions are shown. IMRT 
allows sparing the renal cortex as well as the cranial part 
of the left kidney (Haneder et al.  2012 )       
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10.1  Introduction

Radiotherapy is playing an important role in the 
treatment of rectal cancer. Many randomized tri-
als have proven that even with now standard 
TME (total mesorectal excision) surgery, preop-
erative radiotherapy (Kapiteijn et al. 2001) or 
probably better chemoradiotherapy (Sauer et al. 
2004; Bosset et al. 2006; Gérard et al. 2010) 
improves local control. Radiotherapy is mainly 
given in cases where tumors are located in the 
distal and middle rectum, and preoperative sched-
ules have been proven to be more efficient and 
better tolerated than postoperative ones (Sauer 
et al. 2012; Park et al. 2011).

For that reason this chapter will focus on pre-
operative radiotherapy for so-called locally 
advanced rectal cancer (LARC) usually classified 
as T3, T4, or anterior distal T2 where the risk of 
local recurrence is significant with surgery alone. 
Colon cancer where radiotherapy is not fre-
quently used will not be addressed in this 
chapter.

Radiotherapy technology has evolved gradu-
ally since the introduction of computers, digi-
talized imaging, and robotic guidance (Thariat 
et al. 2012; Widder et al. 2000). Three- 
dimensional conformal radiotherapy (3D CRT) is 
still used as standard technique in many centers 
and will be described in this chapter although 
intensity-modulated radiotherapy (IMRT) can be 
of interest in case of concave target volume shape 
or of simultaneous integrated boost (SIB) dosing 
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concepts (Engels et al. 2009). Proton therapy 
which might provide the best dose distribution is 
not yet in routine clinical practice (Wolff et al. 
2012).

The ICRU report 50 and 62 will be the funda-
mental basis of the definition of targets and of 
dose prescription and reporting. It should be 
noticed that in most of the publications coming 
from American or Asian institutions, the dose is 
not reported for the ICRU reference point but at 
the periphery of the target volume related to an 
“envelope” isodose, which in practice means that 
the administered dose is slightly higher than if 
using the ICRU international recommendations 
(bringing confusion as in the “Babel Tower”).

10.2  A World of Uncertainties 
and Inhomogeneity

It is really difficult at the present time, which is 
still a phase of transition between 2D and 3D 
radiotherapy, to describe a universal standard 
technique of radiotherapy and target delineation 
(or contouring) for rectal cancer. This is due to 
many reasons:
• The normal tissue contouring is still contro-

versial. There is a lack of standardized defini-
tion of the normal organs at risk (OAR). Even 
the boarders of the anus and the rectum are not 
the same when considering different guide-
lines (Gay et al. 2012). The upper boarder of 
the rectum is also controversial. The position 
of the rectosigmoid junction is uncertain. The 
rectum is a tube and therefore is hollow, but it 
is unknown if it must be contoured as a solid 
structure including its content or only as the 
rectal wall, which is approximately 5 mm in 
thickness. Moreover, the rectum is a very 
mobile organ with important shape and vol-
ume modifications between simulation and 
treatment and inter- but also intrafraction 
changes (Tournel et al. 2008; Nijkamp et al. 
2011).

• The tolerance dose of the rectum is not fully 
understood (Gulliford et al. 2010, 2012; 
Kintzinger et al. 2012).

The most relevant limiting factor is late 
rectal toxicity, which is not assessed and 

scored in a homogeneous way. The Common 
Terminology Criteria for Adverse Events 
(CTCAE version 4.0) is often used in clinical 
trials. Grade 3 late toxicity should be kept 
below 5 % in the majority of cases. Dose-
volume histogram (DVH) analysis appears to 
be the best way to evaluate this toxicity. The 
Quantec methodology is a good approach to 
this challenging task even if important uncer-
tainties remain (Michalski et al. 2010).

It appears that when considering the whole 
length of the rectum (a cylinder of 10–12 cm 
craniocaudal extension), the risk of grade 3 
late toxicity is below 5 % for doses not exceed-
ing 44 Gy (2 Gy per fraction). A dose of 70 Gy 
should not be given to more than 20 % of the 
rectal volume (V70 < 20 %). It is highly likely 
that not irradiating the whole circumference 
of the rectum (whatever the volume) is a factor 
contributing to better tolerance. The tolerance 
dose of the anal canal is also not definitively 
defined. The experience gained through treat-
ment of anal canal carcinoma seems to show 
that a dose of 60 Gy over 6 weeks to the whole 
anal canal is unlikely to exceed a 5 % risk of 
late grade 3 side effects (Ortholan et al. 2005).

• The lymphatic spread of rectal cancer is con-
troversial. In many guidelines (Myerson et al. 
2009; Roels et al. 2006; Steup et al. 2002) it is 
recommended to encompass in the clinical tar-
get volume (CTV) the obturator or even the 
external iliac nodes. These recommendations 
are derived from data of Japanese origin where 
the latero-pelvic nodes along the hypogastric 
(internal iliac) vessels are sometimes called 
obturator nodes, probably because they lie at 
the origin of the obturator artery. In fact in 
most of the anatomy books, the obturator 
nodes are located below the external iliac vein 
close to the obturator foramina (and nerve). 
These obturator nodes, located anteriorly in 
the pelvis, are the first sites of lymphatic 
spread for cancer of the uterine cervix, pros-
tate, or bladder (Canessa et al. 2004; Arcangeli 
et al. 2003). They are exceptionally invaded in 
rectal cancer, and if they are, the survival rate 
is close to zero (Kobayashi et al. 2011). 
Moreover when speaking of lymphatic spread 
in rectal cancer, most of the experts agree that 
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there is no reliable imaging technique to dis-
tinguish between true N0 and N1 stage (Patel 
et al. 2011).

There are many guidelines for contouring 
the different targets in rectal cancer (Bosset 
et al. 2011; Krengli et al. 2010; Gay et al. 
2012; Mavroidis et al. 2014; Myerson et al. 
2009; Roels et al. 2006; Lorchel et al. 2002), 
and none of them are recommending the same 
procedure and the same delineation of CTV 
and other anatomical structures. In practice, 
techniques are described and used for ran-
domized trials, and their evolution with time is 
a good way to suggest a contouring proposal. 
It will be demonstrated in this chapter that the 
evolution is toward restricted volumes target-
ing the posterior middle and low pelvis.

The tumor dose required in preoperative 
regimens is also variable with a dose per frac-
tion of 1.8 Gy (not prescribed to the ICRU ref-
erence point) in the USA, 2 Gy in some 
countries, and 5 Gy in northern Europe. The 
total dose depends on each institution: 25 Gy 
(5 Gy per fraction) in Scandinavian countries, 
45 Gy (1.8 Gy per fraction) in the UK, 50 Gy 
(2 Gy per fraction) in France (shrinking fields 
after 44 Gy), 45 Gy (1.8 Gy per fraction) to an 
“envelope isodose” + boost to a total dose of 
50.4–54 Gy in the USA, etc.! It is highly prob-
able that the total dose should be different for 
differently sized T2, T3, and T4 tumors 
depending on the strategy (preoperative or 
exclusive radiotherapy), with or without con-
current chemotherapy. In some recent ongoing 
trials, the dose of 60 Gy is tested for T4 
tumors.

10.3  The Pattern of Local 
Recurrence: A Major 
Criterion to Select 
the “Good CTV”

One of the first attempts to make such an analysis 
of failure pattern was performed in the 1970s by 
Gunderson and coworkers (Gunderson and Sosin 
1974) using the data of elective second-look sur-
gery after initial radical surgery (often APR) to 
detect residual or early recurrent cancer in the 

pelvis. The finding for the rectal tumors treated at 
that time was that residual cancer was found in 
the whole pelvis and led to the design (in 2D 
technique at that time) of the diamond-shape 
field which is still recommended in some 
American textbooks today (DeVita et al. 2011).

More recently Nijkamp and coworkers 
(Nijkamp et al. 2011) have analyzed the pattern 
of local recurrence of the patients treated in the 
“Dutch TME trial.” Based on 114 local recur-
rences, they were able to demonstrate that nearly 
all these recurrences were located in the posterior 
pelvis and below the S2–S3 interspace. This very 
important finding led to the conclusion that the 
cranial border of the CTV can safely be posi-
tioned for the majority of patients at or below the 
S2–S3 interspace with an important reduction in 
the volume of CTV (usually below 1 l) and a sig-
nificant sparing of the small bowel.

10.4  Clinical Results 
from Randomized Trials: 
The Ultimate Arguments 
to Define the “Good CTV”

It was obvious when looking at the first random-
ized trial of preoperative radiotherapy in Sweden 
(Pählman et al. 1985) or chemoradiotherapy 
(Boulis-Wassif et al. 1984) that irradiation of 
large volumes with upper limit at the level of the 
second lumbar vertebra (L2) or even L4 with 2 
simple AP-PA portals was responsible for 1–2 % 
of treatment-related death or 10–14 % postopera-
tive death. Such large volumes were also possibly 
responsible for the high late toxicity of postop-
erative chemoradiotherapy in the USA during the 
1980s (O’Connell et al. 1994; Krook et al. 1991), 
which is not so striking and important in new 
phase III trials using smaller fields (Park et al. 
2011).

On the opposite, with small volumes (less than 
1 l) centered on the posterior pelvis with cobalt 
irradiation, Papillon was able to achieve in the 
1980s less than 8 % of local relapse with no seri-
ous toxicity (Papillon 1990). This was confirmed 
by a British randomized study using the same 
small volume (field size: 10 × 10 cm), which 
demonstrated that local relapse could be reduced 

10 Rectal Cancer



172

from 28 to 12 % with no serious toxicity (Marsh 
et al 1994).

Targeting still smaller volumes with high-
dose- rate (HDR) iridium endoluminal brachy-
therapy, Vuong and coworkers, who treated more 
than 400 patients, could achieve local control in 
95 % of cases without serious toxicity (Vuong 
et al. 2005).

In France “small posterior” pelvic volumes 
were recommended in the EORTC trial 22092 
(Lorchel et al. 2002; Kouloulias et al. 2002) and 
the FFCD trial 9203 (Gérard et al. 2006) where it 
was possible to reduce the rate of local relapse 
below 10 % in patients treated before the era of 
TME surgery. In the more recent ACCORD 12 
trial, patients were included between 2005 and 
2008 presenting with tumors of the middle and 
distal rectum, all accessible to digital rectal 
examination (DRE) and all operated according to 
the TME principle. A clear recommendation was 
written in this trial not to irradiate a volume 
exceeding 1.2 l. The upper limit of the CTV was 
never above the S1–S2 interspace; the anal canal 
was kept out of the CTV for most of the tumors 
except if in the distal rectum the tumor was less 
than 2 cm from the anal canal. The external iliac 
or obturator lymph nodes were never part of the 
CTV. Trial participants were not treated with 
IMRT. After 44 Gy (2 Gy per fraction), a boost 
dose of 6 Gy in 3 fractions was given to the gross 
tumor volume (GTV) with a margin (CTV + PTV) 
of 2 cm. With such a limited PTV, it was possible 
to achieve after 3 years of follow-up a rate of 
local recurrence of 4.4 % with less than 5 % of 
late grade 3 toxicity (CTCAE V3.0) (Gérard 
et al. 2012).

After reviewing the data of local recurrence 
and taking into account CTV variation and mar-
gins, Nijkamp and coworkers are recommending 
to contour/create a PTV close to 1,000 ccm (1 l) 
(Nijkamp et al. 2012).

During long-course radiotherapy, a significant 
reduction in rectal volume can be seen. When 
contouring the anterior part of the CTV does not 
lead to concave (horseshoe) shape, IMRT is not 
necessary to adequately encompass the PTV. The 

old-school diamond-shape volume in the DeVita 
textbook is typically encompassing a volume of 
2.5 l (2,500 ccm) which is probably too large. In 
conclusion small volume (high dose) seems the 
appropriate strategy, and it is surprising to see 
that few publications or radiation oncologists are 
mentioning, when reporting their treatment plans, 
the volume of the rectal tumor (GTV), of the rec-
tum or anus (OAR), and of the PTV or treated 
volume. It can be useful to keep in mind the basic 
mathematical formula of volume to put into per-
spective the differently contoured and treated 
volumes for rectal cancer (Appendix 10.1).

10.5  Contouring in Practice

Knowing Where Is the GTV
As most of the local recurrences are close to the 
GTV, it is crucial to be able to contour as accu-
rately as possible the GTV (the primary rectal 
tumor) on the CT slices of the treatment planning 
study. This is the main responsibility of the radia-
tion oncologist. To properly locate the GTV, the 
radiation oncologist should perform a careful 
DRE in the position of treatment and if possible a 
rectoscopy (or have a clear description of such an 
exam performed by an endoscopist, if possible 
with photographs). The size in cm of the primary 
tumor must be measured accurately, and its shape 
(polypoid, ulcerated, fungating, or infiltrating) 
must be defined. The distance of the lower pole 
of the tumor relative to the anal margin must be 
appreciated, as is the case for the length of the 
anal canal. It is possible (and easy using a rigid 
rectoscope) to implant a radiopaque fiducial 
marker in the rectal wall at the level of the lower 
pole of the tumor. Such a marker will strongly 
facilitate the localization of the lower pole of the 
tumor on the simulation CT scan. Most impor-
tantly the clockwise extension and location of the 
tumor must be accurately defined. A circumfer-
entially infiltrating tumor of the middle rectum 
(“big T3”) is totally different in terms of GTV 
contouring from a tumor of 3 cm (“small T3”) in 
the distal rectum, and it is also very different if 
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this tumor encompassing less than half of the rec-
tal circumference is located anteriorly or posteri-
orly. In any case a sketch of the tumor and its 
location in the rectum performed by the radiation 
oncologist is very useful to properly delineate the 
GTV. Sagittal and transverse axial views provide 
excellent overview and complement definition of 
the anatomical structures. Especially the sagittal 
view can usually in a single image provide an 
excellent picture of the treatment plane. In the 
examples presented in this chapter such sagittal 
views will always be presented. Of course during 
the process of GTV definition and contouring, 
the use of appropriate imaging is very important. 
Magnetic resonance imaging (MRI) of good 
quality is very helpful especially for “big T3” of 
the middle rectum where the fat of the mesorec-
tum is more abundant. For early T3 of distal rec-
tum, endoscopic ultrasound (EUS) is sometimes 
more accurate. If available, positron emission 
tomography (PET)-CT (tracer: 18-FDG) can add 
important information to define the GTV. In all 
situations, being able to perform image fusion 
with the simulation CT scan will enhance the 
accuracy of the GTV delineation. It must be 
stressed when speaking of GTV that there exists 
no accurate imaging technique to detect meta-
static lymph node(s). Even in experienced hands, 
MRI node classification (N0 vs N1–2) has no 
correlation with DFS or local recurrence rate. Of 
course, when suspicious nodes larger than 1 cm 
short axis diameter are proven metastatic using 
fine needle aspiration, those should be included 
in the GTV.

Patient Positioning and Image Acquisition
There is no evidence that the supine or prone 
position is superior. One advantage of the prone 
position is to facilitate the accurate introduction 
of a radiopaque marker of 2.5–3.5 cm in the anal 
canal. This marker is very useful for good con-
touring of the anal canal and clear delineation of 
the anal margin and anorectal junction. Care 
must be taken when using an anal “marker” not to 
modify the natural orientation of the anal canal 
which is always anterior and upward. When a 

male patient is placed in the prone position, it is 
important to ask him to position his penis and tes-
tis downward in order to avoid direct irradiation 
of these OAR with the posterior field. The use of 
belly board remains debatable especially if the 
treated volume is kept below S1. In very obese 
patients, belly board technique is probably use-
ful. The small bowel which is the most important 
OAR to protect is not easy to contour and is 
highly mobile in the pelvis. Contrast media can 
be used to facilitate its delineation. The urinary 
bladder is not required to be full, and there is no 
special enema to empty the rectum.

Volume Contouring
It is the full responsibility of the radiation oncol-
ogist to perform the following steps, which, in 
collaboration with the dosimetrist and/or physi-
cist, might take 20–30 min. We usually start with 
the contouring of the rectum and anus. We con-
tour the outer limit of the rectum (limit between 
muscularis propria and perirectal fat). The lower 
limit is at the upper part of the anal canal (easily 
seen with the anal radiopaque marker). The upper 
limit is at the junction with the sigmoid colon, 
which is located where the rectum bends anteri-
orly usually at the level of the S2–S3 interspace 
and always behind a vertical line passing through 
the promontorium. This accurate contouring of 
rectum and anus is crucial, and a regular look at 
the sagittal view of these two organs is important 
during this contouring to avoid misleading delin-
eation. It is also important to measure already at 
that time the length of the anal canal (between 2.5 
and 4 cm) and of the rectum (between 10 and 
12 cm). The upper limit of the rectum is approxi-
mately 15 cm from the anal verge, but of course 
it is not a straight line as on the sagittal view the 
anus and rectum are strongly oblique and the rec-
tum is curved.

The contouring of the other OAR can vary 
from one institution to the other. We usually con-
tour only the femoral heads (a simple sphere 
close to 50 ccm). It is possible to contour the 
head and the trochanter. It can be useful to con-
tour the sacrum to evaluate the volume of bone 
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marrow irradiated especially when concurrent 
chemotherapy is given in elderly patients and one 
tries to optimize bone marrow protection. The 
pubic bone contouring is useful on a sagittal view 
to see easily the anterior part of the pelvis. One 
should contour the bladder, the small bowel, the 
prostate, and the uterus. In female patients it 
could be helpful to contour the vagina (to reduce 
sexual side effects), but it is not easy to define 
this structure on the simulation CT. It could be 
useful to use a radiopaque marker to visualize it 
better. The penile bulb of male patients can be 
contoured even if its protection has not yet proven 
to reduce erectile dysfunction.

Contouring of the GTV
Primary tumor and metastatic lymph node(s) if 
biopsy proven or positive based on PET-CT and/
or MRI criteria are delineated. It is important to 
visualize the position of the GTV on the sagittal 
view to verify its situation in the craniocaudal 
position and be sure it is in agreement with all the 
clinical findings previously identified. The GTV 
must also be visualized on the transverse axial 
views to check its clockwise location and espe-
cially draw it accurately when there is any ante-
rior extension (where the boarder to the OAR is 
difficult to define). The appropriate contouring of 
the GTV is the most important step of the treat-
ment planning.

Contouring of the CTV
CTV is a conceptual volume supposed to encom-
pass the subclinical cancer cells “left behind” 
by the surgeon and supposed to be sterilized by 
radiotherapy in order to achieve permanent local 
control (according to ICRU 50). As said previ-
ously there are many guidelines recommending 
the optimal CTV, but none are alike and so far no 
international consensus has been reached. This is 
especially true when defining the normal lymph 
node areas which should be electively included 
in the CTV. As mentioned above we never elec-
tively irradiate “normal” external iliac or obtura-
tor nodes. We will include in the CTV: perirectal 

nodes inside the mesorectum up to the level of 
S1–S2 or S2–S3 interface and presacral lymph 
nodes with the same upper limit. We will not try 
to contour (and to irradiate) the nodes along the 
inferior mesenteric artery (junction of the upper 
rectal artery and sigmoid artery at the level of 
S1). Hypogastric (internal iliac) lymph nodes 
which include the nodes along the middle rectal 
artery are included in the CTV. Anteriorly these 
nodes are following the hypogastric (internal 
iliac) vessels and are always posterior to the mid-
dle of the femoral head and below S1. The rectal 
wall below the tumor is included in the CTV. At 
the present time, surgeons agree with a 1 cm limit 
to avoid a positive distal margin. In case of tumor 
of the middle rectum, the CTV is 2 cm below the 
tumor (GTV) along the rectal wall (and not on a 
vertical line!), and the anal canal is totally out-
side the CTV. For tumors of the distal rectum (the 
rectum being more horizontal in the lower part), 
the CTV is at the upper limit of the anal canal, 
or if the tumor reaches the upper part of the anal 
canal, 2/3 of the anal canal might be included in 
the CTV, but the anal margin (skin) which can 
be accurately visualized with the anal marker is 
always outside the CTV as there are never cancer 
cells in the skin of the anal margin. The mesorec-
tum and especially the “fascia recti” which limit 
the periphery of the mesorectum in the posterior 
and lateral planes are not clearly seen on the 
simulation CT scan. The CTV must be outside 
of the fascia recti which will be removed entirely 
by the surgeon. The CTV is close to the sacral 
bone and lateral bony part of the pelvis along the 
internal obturator muscle and including a large 
part of the ischiorectal fossa. The anterior region 
is the most difficult area for contouring the CTV 
 (especially for an anterior tumor) because the 
balance between covering the CTV/GTV and 
protecting the OAR is subtle. Personal percep-
tion and interpretation with intra-/extra-observer 
variability are difficult to avoid in such a situa-
tion (as it is for surgical dissection and excision). 
Medicine is not a fully reproducible arithmeti-
cal science! When the CTV is delineated, it is 

J.-P. Gerard and K. Benezery



175

 important to check its position, shape, and size on 
the sagittal view where the anterior/posterior and 
upper/lower limits can be seen easily, especially 
in  relation with the location of the GTV, because 
most of the residual cells will be close (within 
2 cm?) to this GTV.

PTV definition is not easy for rectal cancer 
because “everything is moving” (tumor, rectum, 
and OAR, mainly small bowel) during inter- and, 
also to a lesser extent, intrafraction time. Most 
guidelines recommend an expansion between 0.5 
and 1 cm, depending on the institution’s immobi-
lization, organ filling, and image guidance policy. 
The largest expansion is added at the anterior and 
superior part of the rectum.

Field Definition and Optimization
When contouring of OAR, GTV, and CTV is 
performed with expansion for the PTV, the treat-
ment planning systems automatically will posi-
tion the beams. Before a “class solution” must be 
defined in agreement with the general strategy of 
the department. We use for most rectal cancers a 
three-field technique with one posterior and two 
lateral fields using multileaf collimator (MLC) 
to shape the fields. It is very important to imple-
ment a standard technique in each single depart-
ment in order to avoid inhomogeneous treatment 
approaches of varying quality. The boost dose 
is given with the same three-field technique. 
It is possible, for the boost, to use a four-field 
box or if more appropriate a four-field oblique 
technique.

At this stage the isodose display of the treat-
ment is available, and it is possible to validate 
the treatment plan. For this validation the DVH 
is a very useful tool. It is important to check the 
volume of each OAR, GTV and CTV, and to 
assess whether ominous discrepancies from 
expected sizes are observed. Also it is crucial to 
visualize the isodoses on the sagittal plane (and 
some transverse axial planes) to assess the sat-
isfactory coverage of the GTV and protection 
of the main OAR. An ultimate optimization can 
be performed but will be essentially subjective. 

The most difficult point is usually at the ante-
rior level of the PTV (or CTV) to find a balance 
between the desired dose in the GTV/CTV and 
avoid excessive dose in the OAR (bladder, 
small bowel, prostate, vagina etc.) and also  
in case of T4 tumor with invasion of neighbor-
ing organs to position properly the boost  
CTV/PTV.

10.6  Some Practical Examples

Taking into consideration all the above data and 
recommendations, we will present some cases 
to illustrate the various treatment plans and 
volumes contoured, depending mainly on the 
clinical stage (TNM) and location of the tumor. 
In all the cases, the strategy recommended by 
the multidisciplinary team (MDT, or tumor 
board) was preoperative chemoradiotherapy 
according to the CAP 50 regimen (Gérard et al. 
2012). The dose of radiotherapy prescribed 
to the ICRU reference point was 50 Gy in 25 
fractions over 5 weeks with cone down boost 
after 44 Gy (2 Gy per fraction). The standard 
technique (class solution) used in the depart-
ment of Centre Antoine- Lacassagne in Nice is a 
three-field technique in the prone position with 
18 mV photon beam. In all the cases, the GTV 
(rectal tumor ± nodes) was accurately assessed 
by the radiation oncologist who performed 
careful DRE and rigid proctoscopy. In all cases, 
EUS and MRI were performed to define the 
T(N) category. Some patients had additional 
PET-CT.

In all cases the procedure of contouring was 
the same:
 1. Rectum and anal canal contouring
 2. Other OAR contouring
 3. GTV (rectal tumor) contouring and position-

ing in the rectum volume
 4. CTV contouring and PTV estimation for the 

first 44 Gy and for the 6 Gy boost
 5. Using the beams eye view software position-

ing of the fields (one posterior and 2 lateral)
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 6. Viewing of the isodoses and especially 
 assuring that the 95 % isodose encompasses 
the PTV

 7. If needed optimization of the dose distri-
bution by modification of the field dimen-
sion or shape and by changing the relative 
contribution of each field dose delivery or 
wedge choice, in order to achieve a good 
dose homogeneity in the PTV (as defined by 
ICRU)

 8. Dose-volume histogram analysis and control 
of the volume in ccm of each target and of the 
volume included in the 95 % isodose. Final 
validation and signature by the radiation 
oncologist

During this process a frequent look at the sag-
ittal view of the plan is recommended to ensure 
“clinical consistency” between the created con-
tours and clinical data of the tumor and patient. 
The permanent assistance of the dosimetrist or 
physicist during this process is helpful to ensure 
fast (20–30 min) and accurate treatment 
planning.

10.7  Some Clinical Examples

 1. T3 NO(X) – distal anterior rectum (male 
patient, 54 years, tumor 40 % of circumfer-
ence)

1.1 Contour of rectum (pale yellow) and anal canal (green). Radiopaque marker seen in the anal canal (3.3 cm long) 
and visualization of the anal margin (not contoured). The rectum appeared rather large probably containing stools
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1.3 Rectal tumor contouring and positioning of GTV. Volume of tumor (GTV): 9 ccm
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(44 Gy)

(6 Gy boost)

Middle R

Upper R

1.4 CTV contouring: CTV 44 Gy (sagittal view; axial view for low rectum with GTV, middle rectum, upper rectum); 
CTV boost 6 Gy (sagittal and axial views)
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1.5 After PTV definition positioning of fields with MLC: lateral field and posterior field for initial 44 Gy; lateral field 
and posterior field for 6 Gy boost
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(Boost)

1.6 Isodose display for 44 Gy. Visualization of the 95 % 
isodose (relative to ICRU reference point) which corre-
sponds to 41.8 Gy (turquoise color); sagittal view and 
axial view of low pelvis with GTV and middle and upper 
pelvis. In the upper plane, the external iliac arteries, 
which are calcified, can be easily seen (not included in the 
CTV due to their anterior location). On the opposite the 

hypogastric arteries (also calcified) are in the posterior 
pelvis and well in the CTV with no need for IMRT tech-
nique. Isodose display in sagittal plane for 6 Gy boost 
(95 % isodose, 5.7 Gy) and for 50 Gy. The turquoise iso-
dose is the 41.8 Gy line which is the 95 % isodose relative 
to the 44 Gy prescription dose and reported for the ICRU 
point in the middle of the PTV

1.8 The DVH shows the following volumes: anal canal, 
15.5 ccm; rectum, 118 ccm; GTV, 9 ccm; CTV, 550 ccm; 
isodose, 41.8 Gy (envelope isodose encompassing the 
PTV, 994 ccm). It can be seen that the upper boarder of the 

envelope isodose (PTV/CTV) is at the level of S2–S3 
interspace. Most of the small bowel is above and receives 
only small doses
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 2. T3 N1 – middle rectum (male patient, 57 
years, tumor 70 % of circumference partly 
anterior with one node of 1 cm in diameter 

close to the tumor on the right side of the rec-
tum, which was seen on MRI and palpable  
on DRE)

(44 Gy)

(6 Gy Boost)

2.5 Positioning of fields with MLC: lateral and posterior fields for 44 Gy; lateral and posterior fields for 6 Gy boost
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2.6 Isodose display for 50 Gy; sagittal and axial views through the tumor

2.8 The DVH showed the following volumes: anal canal, 14.5 ccm; rectum, 169 ccm; GTV, 23 ccm; 95 % isodose of 
44 Gy, 1,050 ccm
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 3. T2 N0 – distal anterior rectum (male patient)
This 75-year-old patient referred by a sur-

geon for curative irradiation alone was treated 
with 50 kV X-ray contact brachytherapy: 

110 Gy in 4 fractions, combined with EBRT 
(CAP 50 regimen derived from the ACCORD 
12 trial). Two years later the patient was alive 
with local control and good bowel function.

3.1 Endoscopic visualization of the tumor (2.5 cm in diameter). Radiopaque fiducial marker implanted at the lower 
limit of the tumor (patient prone)
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3.3 Rectal tumor (GTV) contouring with OAR (sagittal and axial views)

(44 Gy) (6 Gy Boost) 

3.5 Positioning of fields with MLC. Lateral field for 44 Gy; lateral field for 50 Gy
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3.6 Isodose display for 50 Gy (sparing of the anal canal; 
upper limit at S2–S3 interface)

3.8 DVH showing the following volumes: anal canal, 18 ccm; rectum, 63 ccm (small!); GTV, 1.4 ccm (small T2)

10 Rectal Cancer



186

 4. T4 NX – middle rectum (male patient, tumor 
fixed to the sacrum)

 5. T4 N0 – distal rectum (male patient, tumor 
fixed to the prostate)

During surgery 6 weeks after administra-
tion of the CAP 50 regimen, a complete (R0) 
resection could be performed without removal 
of prostate tissue.

 6. Polypoid tumor adenocarcinoma T2 N0, 
4.5 cm in diameter (“big polyp”). Middle 
anterior rectum. Tumor located just in front of 
a small bowel loop low in the pelvis after a 
previous hysterectomy. Patient had a trau-
matic fracture of sacrum after ski accident

4.3 Rectum and OAR 
contouring. Contouring of 
the tumor (GTV) fixed to 
the left side of the sacrum 
(patient prone)

(44 Gv) (6 Gy Boos)4.4 Positioning of fields 
with MLC. Lateral field for 
44 Gy; lateral field for 
50 Gy

4.6 Isodose display for 44 Gy (sagittal and axial views). 
Anal canal is spared; sacrum is fully encompassed, upper 
limit below S1–S2 interface. It would be easily possible to 

increase the dose to 60–64 Gy to a limited volume (<20 
ccm) centered to the area where the tumor is fixed to 
sacrum with a risk of incomplete R1 or R2 resection
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4.8 DVH showing the GTV of 82.3 ccm (“big” tumor)

5.0 MRI showing a rectal tumor invading the prostate (sagittal and axial views)

5.3 Rectal tumor (GTV) contouring with the help of image fusion (MRI + simulation CT scan). Axial and sagittal 
views. The tumor is infiltrating the posterior part of the prostate which was clinically obvious with a fixation on DRE
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bis5.3 bis GTV = OAR 
contouring (rectum and 
prostate). Radiopaque 
marker in the anal canal

(44 Gy) (6 Gy Boost)5.5 Field positioning with 
MLC. Lateral view (44 and 
50 Gy)

5.6 Isodose display: 
lateral and axial views for 
50 Gy. The anal margin is 
not in the treated volume 
(accurate positioning of 
isodose with the anal 
marker, prone position)

5.8 DVH showing the following volumes: prostate, 48.6 ccm; rectum, 197 ccm; GTV, 37.9 ccm
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Tete

6.3 GTV as seen on simulation CT scan (axial and lateral views). GTV contouring in red (axial and sagittal views)

6.5 Field positioning with MLC. Lateral view for 44 Gy
6.6 Isodose display. Sagittal view showing good protec-
tion of small bowel
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 Appendix 10.1

Volume of a sphere
4/3πr3: The volume of a tumor of 2 cm in diam-
eter (usually T1) is 4 ccm; 3 cm (T2), 13 ccm; 
4 cm (T3), 25 ccm; 5 cm (T4), 49 ccm. A tennis 
ball is 6.5 cm in diameter (108 ccm). A 10 × 10 × 
10 cm field is close to 1 l: 10 times a tennis ball!

A lymph node of 1 cm in diameter corre-
sponds to 0.5 ccm (“very small volume”).

Head of femur, which is a sphere close to 5 cm 
in diameter, is around 50 ccm.

Volume of a cylinder
Surface of circle (πr2) × height.

A “small rectum”: diameter, 4 cm; height, 
10 cm; volume “whole rectum,” 125 ccm. A 
“large rectum”: diameter, 6 cm; height, 12 cm; 
volume “whole rectum,” 340 ccm.

If the diameter is 9 cm and height 12 cm, to 
encompass the whole mesorectum and hypogas-
tric nodes, the volume becomes 860 ccm. To 
encompass such a volume, the width and “thick-
ness” (AP-PA diameter) of the fields usually do 
not exceed 10–11 cm, and the height is close to 
12 cm because the rectum is a “curved” cylinder.

The anal canal together with its sphincters is a 
cylinder with a surface of 3 cm and height 
between 2.5 and 4 cm, which corresponds to a 
volume usually between 5 and 10 ccm.
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11.1            Introduction 

 Squamous cell carcinoma of the anus (SCCA) is a 
rare cancer but its incidence is increasing through-
out the world (Bilimoria et al.  2009 ; Hartwig et al. 
 2012 ; Bentzen et al.  2012 ; Jin et al.  2011 ). SCCA 
spreads in a locoregional manner within and out-
side the anal canal and to surrounding draining 
lymph nodes depending on the site of origin. 
Distant metastases appear relatively late. The pri-
mary aim of treatment therefore is to achieve 
locoregional control and preserve anal function, 
with the best possible quality of life. Due to these 
tumours’ high sensitivity to chemoradiation, this 
modality has become the standard of care. 

 In this chapter we aim to provide a clear 
practical guide to target delineation (both elec-
tive and gross tumour) for external beam radio-
therapy (EBRT) in anal cancer. We wanted to 
determine the optimal imaging modalities for 
anal cancer and how best to defi ne involved 
lymph nodes. We review the probability of 
lymph node metastases within the pelvis and 
groins and patterns of local recurrence after 
CRT – although no prospective randomised tri-
als have been able to provide this data in any 
detail. We describe target volumes, constraints 
to organs at risk (OARs) and recommendations 

for external beam radiation therapy (EBRT). We 
have not addressed the issue of brachytherapy. 
Also recommendations regarding optimal doses 
to gross and elective target volumes are beyond 
the scope of this chapter. 

 Anatomical textbooks, published studies and 
reviews with data from lymphangiograms, com-
puterised tomography (CT) and more recently 
magnetic resonance imaging (MRI) and positron 
emission tomography (PET) are used to defi ne 
the anatomical distribution of normal pelvic and 
inguinal lymph nodes, the boundaries of the anal 
canal and relevant organs at risk. Historical surgi-
cal series document the site of involved lymph 
nodes. We have examined many old chemoradia-
tion series (Nigro et al.  1983 ; Leichman et al. 
 1985 ; Hughes et al.  1989 ; Luna-Pérez et al.  1995 ) 
and also the results of recent retrospective studies 
detailing sites and patterns of anal cancer recur-
rence (Das et al.  2007 ; Wright et al.  2010 ; Sebag- 
Montefi ore et al.  2012 ). 

 There are several excellent guidelines show-
ing anatomical borders to defi ne the clinical tar-
get volumes for anal cancer. The recently 
published Australasian planning guidelines inter-
pret CT defi nitions and provide a high-resolution 
atlas for contouring gross disease and organs at 
risk (Ng et al.  2012 ). The descriptions of the elec-
tive target volumes or compartments are useful 
and reproducible. This data therefore comple-
ments the existing Radiation Therapy Oncology 
Group (RTOG) elective nodal anorectal atlas 
(Myerson et al.  2009 ). However, we consider that 
the RTOG recommendations have not integrated 
specifi c clinical data and patterns of recurrence 
but derive from a subjective approach (superposi-
tion of targets drawn by a few individual experts), 
and issues such as genital sparing are insuffi -
ciently precise. There are also RTOG pelvic nor-
mal tissue contouring guidelines (Gay et al. 
 2012 ) available as a CT image atlas on the RTOG 
website. 

 However, although comprehensive, we also 
have issues with accepting without qualifi cation 
the recommendations of the above (Ng et al. 
 2012 ). Many of the Australasian recommenda-
tions for CTVs appear unnecessarily extensive in 
the light of our experience in the UK with the 
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ACT II trial, and it is a ‘one-size-fi ts-all’ strategy 
since they advise all nodal volumes described 
should be covered for all stages (with the possi-
ble exception of frail patients with T1N0 
tumours). We have hypothesised that SCCA at 
the anal margin, involving predominantly the 
anal canal and fi nally extending above the den-
tate line into the rectum, has three anatomically 
different vascular and lymphatic drainage pat-
terns, which require different approaches and dif-
ferent fi eld sizes. 

 Conventional pelvic fi elds have usually ref-
erenced anatomical bony structures to deliver 
pelvic radiation therapy, which achieves subop-
timal coverage of the nodal areas. Contouring 
vessels on CT images is now used as surrogate 
for lymph node localisation (which is usually 
not visualised) to achieve more precise and 
individualised target delineation. We advise the 
use of CT and co-registration with MRI and/or 
PET/CT to defi ne appropriate and different 
algorithms for T1/T2 cancers (<4 cm) and 
larger (>4 cm (T3, T4)) tumours; see Fig.  11.1 . 
We have incorporated bone, soft tissue and ves-
sel landmarks into an MRI-/CT-based atlas pro-

vided by Vicky Goh (consultant radiologist) as 
part of this group.

11.2        Pathology 

 More than 80 % of anal SCCs contain one or more 
subtypes of human papilloma virus (HPV – and 
usually HPV16 or HPV18). HPV-associated 
tumours retain wild-type  P53 , and hence patients 
with HPV-associated tumours appear to have a 
good response to concurrent chemoradiotherapy, 
although most of the evidence has been derived 
from small retrospective studies (Yhim et al.  2011 ). 

 SCCA originates from the transitional and squa-
mous mucosa of the anal canal. Terms such as 
basaloid, transitional or spheroidal and cloacogenic 
have largely been replaced by the general term 
squamous cell carcinoma (SCC), because all have 
a similar natural history and patterns of spread. The 
biology and prognosis of keratinising and non-
keratinising tumours of the anal canal also appear 
to be similar. Verrucous carcinomas are another 
variant and are sometimes described as giant con-
dylomas or Buschke-Lowenstein tumours, which 
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V Vagina
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GM Gluteus 

maximus

  Fig 11.1    Axial MRI image 
demonstrating the proximal 
anal canal in a female       
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are often enormous exophytic tumours but may 
have a better prognosis than SCC. 

11.2.1     Tumour Grade 

 Tumours of the anal canal are often defi ned as 
poorly differentiated SCC, whereas tumours at 
the anal margin are well differentiated, but histo-
logical grading has been subject to interobserver 
variability. There is also considerable heteroge-
neity particularly in larger tumours. Hence, 
although high-grade tumours are generally 
accepted to have a worse prognosis, this has not 
been confi rmed in multivariate analysis (Shepherd 
et al.  1990 ; Hill et al.  2003 ).   

11.3     Historical Background 

 Three phase III trials demonstrated that radio-
therapy (RT) with concurrent 5FU and mitomy-
cin (MMC) (UKCCCR  1996 ; Bartelink et al. 
 1997 ; Flam et al.  1996 ) achieves better outcomes 
in terms of local control and recurrence- or 
disease- free survival (RFS/DFS) compared to RT 
alone or RT combined with 5FU alone. In con-
trast, phase III trials by the Radiotherapy Therapy 
Oncology Group RTOG 98–11 (Ajani et al.  2008 ; 
Gunderson et al.  2012 ) and the Action Clinique 
Coordonnees en Cancerologie Digestive 
ACCORD-03 phase III trial (Peiffert et al.  2012 ) 
failed to show benefi t for the addition of cisplatin- 
based neoadjuvant chemotherapy (NACT) prior 
to CRT in terms of colostomy-free survival 
(CFS). In the RTOG 9811 trial, the DFS and 
colostomy rate actually appears inferior with cis-
platin (Gunderson et al.  2012 ). The ACCORD-03 
trial also failed to show a benefi t in CFS from an 
increase in the radiotherapy boost dose (Peiffert 
et al.  2012 ). Preliminary results of the United 
Kingdom National Anal Cancer Trial (ACT II) 
confi rm the standard of 5FU/MMC CRT. Results 
show excellent complete response rates (90 %), 
with 3-year recurrence-free survival rates overall 
of 73 % (81 % in T1/T2 tumours, but 64 % for 
more advanced T3/T4 tumours) (James et al. 
 2013 ). The dose and treatment schedule used in 
the ACT II trial is now the current standard of 
care in the UK.  

11.4     Conventional Radiotherapy 
Treatment Planning of Anal 
Cancer 

 Historically, anal cancer has been treated in all 
randomised phase III trials with doses of 1.8 Gy 
per day, using a shrinking-fi eld technique over the 
course of treatment (UKCCR  1996 ; Bartelink 
et al.  1997 ; Flam et al.  1996 ; Ajani et al.  2008 ; 
Peiffert et al.  2012 ; James et al.  2013 ). There have 
been various previous trial planning techniques. 
Conventional 2-D large APPA pelvic radiation 
fi elds in anal cancer (with generous length and 
widths of fi eld sizes such that a geometrical miss 
was extremely unlikely) used the pelvic bones as 
reference extrapolating the position of the pelvic 
nodes – based on historical data from studies 
imaging lymph nodes with lymphangiograms 
(Davey et al.  1996 ; Chao and Lin  2002 ) and early 
CT scans and from surgical series which defi ned 
the sites of pelvic lymph node pathological 
involvement at laparotomy (Hightower and Judd 
 1967 ; Stearns and Quan  1970 ; Beahrs  1979 ). 

 These techniques caused signifi cant acute tox-
icity of the perineal skin and genitalia; genitouri-
nary, gastrointestinal and haematological toxicity; 
and poor late function (Ajani et al.  2008 ; Myerson 
et al.  2009 ), often associated with radiotherapy 
breaks which increase the overall treatment time 
(OTT), and may compromise effi cacy (Allal et al. 
 1997 ; Weber et al.  2001 ; Graf et al.  2003 ; Huang 
et al.  2007 ; Ajani et al.  2008 ). In April 2012, the 
National Comprehensive Cancer Network 
(NCCN) panel agreed that multifi eld techniques 
are now preferred over APPA techniques for radi-
ation delivery in anal cancer (Benson et al.  2012 ). 
Hence, many institutions are now moving to use 
multifi eld techniques, with a range of techniques 
and different recommended doses.  

11.5     Modern Techniques 
(Intensity-Modulated 
Radiation Therapy and 
Volumetric Modulated Arc 
Therapy) 

 Delivery of radiotherapy in anal cancer is complex 
because of the heterogeneity in size, the irregular 
shape of the target volume and the proximity to 
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dose-sensitive critical structures (small bowel, 
femoral heads, perineum and external genitalia). 
Intensity-modulated radiation therapy (IMRT) and 
volumetric modulated arc therapy (VMAT) allow 
sophisticated dose-painting treatment planning. 
Comparisons between 3D-CRT, IMRT and VMAT 
in SCCA demonstrate the same dose coverage in 
the target but 3D-CRT exposes the surrounding 
tissue and consequently the OAR to much higher 
doses (Chen et al.  2005 ; Stieler et al.  2009 ). 

 However, the narrow constraints and high preci-
sion of treatment raise concerns about potential 
geographical misses or compromise of target cov-
erage due to systematic or random radiotherapy 
errors. Clear defi nitions of target volumes are 
therefore essential to ensure accurate and reproduc-
ible contouring, treatment planning, delivery and 
quality assurance. This in turn will require strong 
engagement with the wider multidisciplinary team 
including physicists and radiographers to optimise 
treatment outcome for individual patients. 

 The International Commission on Radiation 
Units and Measurements (ICRU) report 83 pro-
vides additional recommendations on the selec-
tion and delineation of the targets volumes and 
the organs at risk (ICRU 83  2010 ).  

11.6     Image-Guided 
Radiotherapy (IGRT) 

 During a treatment course, individual day-to-day 
tumour position can be variable. On-line daily 
imaging can correct both systematic and random 

errors. Off-line imaging should be interpreted by 
the radiation oncologist for at least the fi rst 3 
fractions and then at weekly intervals to deal with 
systematic errors. The radiation oncologist can 
therefore use the on-board imaging system (OBI) 
or the cone beam CT (CBCT). Verifi cation should 
use bone landmarks, because soft tissues inferi-
orly are often blurred. 

11.6.1     Anatomy 

 Knowledge of the location and terminology of 
lymph node groups in the pelvis is essential for 
accurate staging in a standardised manner.  

11.6.2     The Anal Canal 

 The anal canal is the most distal part of the large 
bowel beginning at the anorectal junction. It is 
approximately 4 cm in length, ending at the anal 
orifi ce where the true skin is found at the anal 
margin. Because the dentate line (which defi nes 
the level of the upper limit of the internal sphinc-
ter) is the most easily identifi ed landmark in the 
mucosa of the anal canal, many have suggested 
that the anal canal is divided into infra-dentate 
and supra-dentate regions (Wendell-Smith  2000 ). 
The components of the anal canal of relevance to 
surgical disease and treatment are demonstrated 
on axial (Fig.  11.1 ), sagittal (Fig.  11.2 ) and coro-
nal (Fig.  11.3 ) magnetic resonance imaging 
(MRI) of the anal canal.

IAS

EAS External anal
sphincter

Internal anal
sphincter

AC Anal canal

IC

OI Obturator internus

Iliococcygeus

  Fig. 11.2    Coronal MRI 
image demonstrating the anal 
canal in a female       
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11.6.3         Anal Sphincter 

 The internal anal sphincter (IAS) is formed by a 
thickened segment of the circular muscle coat in the 
distal rectum. From the MRI obtained in the sagittal 
orientation (Fig.  11.2 ), the superior aspect of the anal 
canal can be determined and can usually be defi ned 
superiorly by a line joining the tip of the coccyx and 
the most inferior aspect of the pubis – refl ecting the 
anorectal junction. The ischiorectal fossa, ischial 
tuberosities and sacrotuberous ligaments lie laterally 
(best appreciated on MRI obtained in the coronal 
orientation (Fig.  11.3 ), the contents of the urogenital 
triangle anteriorly (Fig.  11.1 ) and the anal orifi ce 
inferiorly (Figs.  11.2  and  11.3 )).  

11.6.4     Anal Margin 

 The anal margin is a region of pigmented skin with 
skin folds surrounding the anus. Although the lat-
eral border of the anal margin has not been defi ned, 
anal margin cancer is usually considered as within a 
radius of approximately 5 cm from the anal orifi ce.  

11.6.5     The Inguinal Nodes 

 The inguinal nodes are in the inguinal region 
( superfi cial  inguinal nodes are often larger than 
nodes from other lymphatic areas) anterior to 

Scarpa’s femoral triangle and are bounded supe-
riorly by the inguinal ligament, laterally by the 
medial border of sartorius and medially by the 
upper border of adductor longus. 

 From the  superfi cial  inguinal nodes, there is 
an extension to the  deep  inguinal nodes which are 
within the fatty tissue of the femoral canal and 
medial side of the femoral vein. If the superfi cial 
nodes are clinically negative, it may be reason-
able to avoid treating the deep region.  

11.6.6     Femoral Nodes 

 We have rarely if ever seen involvement of the 
femoral nodes in anal cancer and do not recom-
mend routine contouring of the femoral nodes.  

11.6.7     Presacral Nodes 

  Presacral nodes  are sited around lateral and medial 
sacral arteries. These lie along the lateral borders 
of the sacrum and anterior to the sacral pelvic sur-
face usually just medial to the foramen.  

11.6.8     Pararectal Nodes 

 Pararectal nodes lie within the mesorectum usu-
ally posteriorly on both left and right sides – 

Sig
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Sigmoid colon

  Fig. 11.3    Sagittal MRI image 
demonstrating the anal canal 
in a male       
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probably extending for no more than 4 cm 
cephalad to the anorectal tumour.  

11.6.9     Common Iliac Lymph Nodes 

 Common iliac lymph nodes are grouped around 
the common iliac vessel (lateral, intermediate 
and medial groups).  

11.6.10     Internal Iliac Nodes 

 Internal iliac nodes are sited lateral to the meso-
rectum and presacral space and are associated 
with the internal iliac vessels, arising superiorly 
from the bifurcation of the common iliac artery 
(at the level of S1) and ending at the level of 
obturator internus.  

11.6.11     External Iliac Nodes 

 External iliac nodes are usually grouped around 
the external iliac vessels forming three distinct 
chains (the lateral, middle and medial groups of 
external iliac). 

 Examples of the defi nitions of the appropriate 
nodal groups can be found on the ATC website, 
  http://atc.wustl.edu    .   

11.7     Normal Lymph Node 
Drainage 

 Lymphatic drainage depends on the position within 
the canal. The canal above the dentate line drains to 
internal pudendal nodes and to the internal iliac sys-
tem. The canal below the dentate line drains to the 
medial group of superfi cial inguinal nodes with fur-
ther extension to the deep inguinal nodes and some 
communication superiorly to external iliac nodes 
and inferiorly with femoral nodes. The upper half of 
the canal drains mainly by the superior rectal vein to 
the inferior mesenteric vein and thence potentially 
to the para-aortic nodes (Hill et al.  2003 ). 

 Involvement of regional lymph nodes repre-
sents the most common mode of spread from 

cancer of the anal canal and margin (Kuehn et al. 
 1968 ). The perirectal, inguinal, femoral and iliac 
lymph nodes are the most frequent sites for nodal 
metastases (Beahrs  1979 ; Stearns and Quan 
 1970 ; Greenall et al.  1985 ; Gérard et al.  2001 ). 
Patients developing inguinal nodal disease invari-
ably do so in the ipsilateral groin (Gérard et al. 
 2001 ), unless the tumour is in the midline allow-
ing bilateral nodal recurrence. Nodal involve-
ment is rare if the primary tumour was ≤2 cm in 
maximum diameter but increased to 35 % when 
the tumour invaded into adjacent pelvic tissues 
(Boman et al.  1984 ). Nodal metastases are also 
more likely in poorly differentiated cancers 
(Boman et al.  1984 ).  

11.8     Imaging in Anal Cancer 

 Available imaging modalities are computerised 
tomography (CT), magnetic resonance imaging 
(MRI), endo-anal ultrasound (EUS) and positron 
emission tomography (PET). Together they allow 
assessment of the local extent including involve-
ment of other structures and spread to inguinal, 
pelvic and abdominal nodes and distant sites. 
Each modality has advantages and limitations, 
the most crucial being the diffi culty in differenti-
ating metastatic from uninvolved reactive nodes 
of equivalent size. 

 CT scans are conventionally used to image the 
pelvis and whole body, but some have recorded 
that CT failed to reveal an anal primary tumour in 
10 of 40 patients, i.e. there were 25 % false nega-
tives (Mistrangelo et al.  2012 ). MRI scans pro-
vide the most detailed anatomy of the primary 
tumour, the sphincter mechanism and the lym-
phatic network. MRI is now recommended for 
locoregional staging of anal cancer in European 
and NCCN guidelines and is routinely performed 
in the UK (NCCN  2015  - Benson et al.  2012 ; 
Glynne-Jones et al.  2010 ). A comparison of EUS 
and MRI (Otto et al.  2009 ) suggested that EUS 
may be superior to MRI in detecting small super-
fi cial tumours. 

 Anal cancer is FDG avid even in small tumours 
(1–2 cm), and PET has a high detection rate of 
the primary tumour of 90–100 % (Cotter et al. 
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 2006 ; Nguyen et al.  2008 ; Winton et al.  2009 ). 
Hence positron emission tomography (PET)/CT 
is gaining ground as an initial staging modality 
since initial descriptions in 2005 and has been 
part of NCCN treatment guidelines since 2007. 

11.8.1     Criteria for Identifying 
Involvement of Lymph 
Nodes 

 Suspicious perirectal and internal iliac nodes on 
imaging are rarely biopsied so there is signifi cant 
risk of false positives. There is no international 
consensus regarding the normal limit for size in 
the diagnosis of pelvic and inguinal nodal metas-
tases from pelvic tumours. Size criteria also are 
different for different histologies and different 
primary sites (Koh et al.  2006 ). Authors discuss-
ing inguinal node recurrences do not clearly 
defi ne their CT and MRI criteria to determine 
uninvolved inguinal lymph nodes (Matthews 
et al.  2011 ; Ortholan et al.  2012 ), nor is this fea-
ture clear from any of the randomised trials. 

 Many use 10 mm as a conventional cut-off. 
Other criteria such as shape, signal intensity pat-
tern, central necrosis and the degree of contrast 
enhancement in pelvic nodes are often useful but 
have not been validated.   

11.9     Co-registration for 
Planning 

 CT is usually ideal for planning in the pelvis, 
because it provides anatomical detail with the 
electron density data essential for dosimetry. It is 
vital to use contrast with the correct windows and 
take advantage of multiple orthogonal views 
(axial, sagittal and coronal) to delineate target 
volumes (Steenbakkers et al.  2005 ). It is also 
advisable to involve your radiologist in person in 
the planning session. However, contouring the 
target volume with CT alone is diffi cult and may 
provide a major source of errors. A major advan-
tage is that contouring vessels on the CT image 
can now be used as a surrogate for lymph node 
localisation and can offer a more precise and 

individualised elective nodal target delineation 
compared to that achieved previously. 

 Advances in the quality of MRI and PET/CT 
now allow us to determine areas of gross tumour 
volume more accurately and to delineate tumour 
and organ boundaries more confi dently. The con-
ventional planning CT scan can be co-registered 
with either diagnostic quality MRI imaging 
or PET. 

11.9.1     MRI 

 There is little movement within the pelvis, and 
MRI allows the bone structures of the pelvis to 
be readily co-registered. Diffusion-weighted 
sequences are particularly useful to delineate the 
tumour extent, because it is a squamous cell car-
cinoma. But it is still vital to have the appropri-
ate and high-resolution small fi eld of view. MRI 
provides excellent anatomical defi nition of these 
structures and the components of the sphincter 
mechanism (see Figs.  11.1  and  11.2 ) and defi nes 
involvement of normal-sized lymph nodes seen 
on CT. If MRI is to be co-registered, it is impor-
tant to use a hard couch top to avoid posterior 
distortion.  

11.9.2     PET 

 An Italian group has found PET/CT useful in tar-
get volume delineation (Krengli et al.  2010 ). PET/
CT can defi ne both primary and nodal sites of 
metabolically active tumour (Bannas et al.  2011 ), 
although to our mind PET shows a larger extent 
than MRI. It is important to note that the positive 
predictive value of PET for lymph nodes is high, 
but the negative predictive value is less secure.   

11.10     Consensus Atlas 

 The area of most potential variability and error is 
between individual radiation oncologists outlin-
ing of target and normal tissue volumes. There is 
a clear role for an agreed consensus/atlas (Nijkamp 
et al.  2012 ) with continuous education, training 
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and cross-collaboration of the radiation oncolo-
gist with other specialties especially radiologists 
to reduce the degree of variability in tumour 
delineation and enhance the quality assurance 
within radiotherapy trials. The proposed atlas pro-
vides a delineation protocol for anal cancer. 

 The delineation of pelvic nodes radiologically 
is described in some relevant pelvic nodal atlases 
(Portaluri et al.  2005 ; Taylor et al.  2007 ; Lengele 
and Scalliet  2009 ; Japan Clinical Oncology 
Group  2010 ), but these are not suffi ciently rele-
vant to anal cancer. It is also curious that there are 
several different algorithms, which have been 
proposed for contouring the same pelvic nodes in 
prostate cancer, anorectal cancer and cervical 
cancer – and no consensus. The RTOG made sug-
gestions specifi cally for the defi nitive treatment 
of anal cancer based on a consensus of nine 
experts in radiation oncology (Myerson et al. 
 2009 ) partly because of inaccurate contouring in 
some cases enrolled on RTOG 0529 but confi ned 
guidance to elective nodal volumes. 

 There is a tendency with each new atlas to 
design larger and larger volumes with more 
extensive fi elds and more complex methods, but 
there is no evidence yet that these developments 
improve outcome. Hence, there is no widely 
accepted consensus on proper selection and 
delineation of lymph node areas for defi nitive 
chemoradiation. In general algorithms defi ning 
CTV close to bone landmarks carry less variation 
than those which rely on soft tissue landmarks – 
particularly landmarks which vary such as the 
bladder. We have therefore tried to both simplify 
the structure to produce more compact CTVs and 
at the same time design individualised targets 
appropriate to the site of origin and clinical stage. 
Even then, these targets will vary according to 
the tumour size and stage, the sex and the indi-
vidual shape of the patient.  

11.11     Clinical Assessment 
of Primary Tumour 

 Clinical assessment of the tumour is essential. 
Information is required on the size and position 
of the tumour within the anus and whether it is 

infi ltrating or exophytic. It is important to measure 
the distance the tumour extrudes beyond the anal 
margin and how far it extends cephalad (i.e. 
whether it extends above or below the dentate line 
and levators). Additionally females require a vagi-
nal examination particularly in anterior tumours to 
assess if the vagina itself is directly involved or if 
the tumour is palpable by involving the rectovagi-
nal septum. However should pain prevent per rec-
tal (PR) examination, an EUA (examination under 
anaesthetic) should be considered. It is recom-
mended that the treating radiation oncologist is 
present during the procedure to ensure that precise 
measurements are noted, facilitating target volume 
delineation and treatment planning. We consider a 
clinical proforma an absolute essential for accu-
rate target delineation (clinical proforma – see 
Appendix  11.2 ).  

11.12     Clinical Assessment of 
Inguinal Nodes 

 Clinical assessment of inguinal nodes is also 
required. Involved nodes tend to be found medi-
ally, just lateral to the pelvic tubercle, and are 
fi rm, almost analogous to a hard marble. Fixed 
nodes may be palpated more laterally beyond 
these areas in patients presenting with more 
extensive T3/T4 tumours.  

11.13     Details of Imaging 
Proforma for Each Patient 
(Appendix  11.3 ) 

 An imaging proforma based on MRI should be 
completed by the MDT radiologist.  

11.14     Planning 

 The use of a planning CT scan with target vol-
umes delineated (primary and nodal) on each 
slice- and pixel-based inhomogeneity correction 
is considered standard practice. There are argu-
ments for planning both in the supine and prone 
positions. We recommend patients should be 
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simulated and planned in the supine position 
because it is more stable and reproducible with-
out any custom immobilisation device. Although 
we accept that local practices may vary, some 
prefer that patients with very exophytic tumours 
extending well outside the anal canal are planned 
prone and bolus used. Hence, appropriate immo-
bilisation and a treatment position with which the 
centre is familiar should ideally be used.  

11.15     Patient Data Acquisition 

 The CT scan limits are the superior aspect of L3 
superiorly to the mid-femur or 6 cm below a 
radio-opaque marker/ball bearing indicating the 
anal verge or the inferior extent of tumour, which-
ever is more inferior and can be wired. The rec-
ommended slice thickness is 3 mm. 
Immobilisation devices such as Vac-Lok are rec-
ommended. All patients must be scanned with a 
comfortably full bladder (>250 ml). For optimal 
set-up techniques, it is important to consider 
patient interventions which promote ideal imag-
ing and the patient keeping still, i.e. advice on 
diet, bowel preparation, pain relief and even 
methods of relaxation. 

11.15.1     Contrast 

 Intravenous contrast is mandatory unless contra-
indicated by virtue of allergy or renal impair-
ment. Small bowel contrast is recommended if 
the small bowel is intended to be contoured as an 
OAR. Gastrografi n 20 ml in water 45–60 min 
prior to the planning scan or dilute contrast agents 
in routine diagnostic use are useful. An intravagi-
nal marker should be used in females.  

11.15.2     Bolus 

 Application of bolus is more diffi cult if the patient 
is placed supine. If there are concerns, to ensure 
adequate dose at the anal margin, as an alternative 
to bolus, the patient’s buttocks can be taped 
together at the time of simulation and for treat-

ment, although this position may not be easily 
reproducible. Bolus is not recommended to the 
skin overlying the groins unless tumour extends to 
skin surface, because the oblique incidence of the 
IMRT beams usually increase the superfi cial 
dose. Anyway we aim to spare the most superfi -
cial 5 mm of skin unless there are fungating nodes 
in the groin. However, it may be important to pro-
vide adequate photon fl uence in air near the skin 
in these areas to account for set- up variations.   

11.16     Defi nition of Target 
Volumes 

 Defi nition of target volumes and OARs has been 
standardised in ICRU reports 50 (ICRU 50  1993 ) 
and ICRU 62 (ICRU 62  1999 ). 

  Details of imaging proforma for each patient  
(Appendix  11.3 ) 

  Additional information will be available from 
CT ,  MRI and PET / CT . 

11.16.1     The Primary Gross Tumour 
Volume 

 The primary gross tumour volume (GTVp), and 
the nodal GTV (GTVn), i.e. all involved nodal 
regions (on imaging or biopsy proven), should be 
defi ned and outlined on each CT slice, using all 
radiological imaging available, and ideally co- 
registered with the planning scan. The overall 
GTV is defi ned but described separately by all 
macroscopic tumour together with the entire cir-
cumference of the anal canal wall (GTVp) and the 
involved nodes’ GTVn. GTVp will extend from  
either the ball-bearing marker or the demarcated 
inferior aspect of the tumour extending below the 
anal margin – whichever is more inferior. Where 
the primary tumour cannot be identifi ed on the CT 
images – often Tx (excisional biopsy with posi-
tive margins but no macroscopic disease), the anal 
sphincter complex, will be contoured (in addition 
to any observed perianal tumour extension) and 
will be designated as the CTVa. 

 Whether using a single-phase DP-IMRT 
or two phases (IMRT and conformal), it is 
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 recommended that all phases of treatment are 
planned at the same time, as the primary site and 
even involved lymph nodes may regress rapidly 
on commencement of CRT.  

11.16.2     The Primary Tumour Clinical 
Target Volume (CTV)  

 The clinical target volume (CTV) represents 
extension around tumour and subclinical disease 
which cannot be seen or imaged. The CTV needs 
to encompass gross primary tumour CTVp, 
involved lymph nodes and lymph node stations 
potentially at risk of microscopic disease (CTVn), 
the mesorectum (CTVm) and the entire anal 
canal (CTVa). Defi ned landmarks should be easy 
to recognise. 

 A CTVp should be created by expanding the 
GTVp anisotropically by 10 mm radially to cover 
microscopic spread and by 15 mm superiorly and 
15 mm inferiorly. This volume is created accord-
ing to a computer-generated algorithm and there-
fore does not follow anatomical landmarks. 
However, anatomical boundaries should be 
respected, so CTVp in air, bone or any tissues, 
normally considered natural barriers to tumour 
infi ltration and hence not at risk for microscopic 
spread, should be manually edited to avoid over-
lap into these nontarget areas.  

11.16.3     The Primary Tumour 
Planning Target Volume 
(PTV) 

 A further expansion to allow for set-up and day-
to- day internal organ movement should be cre-
ated. 10-mm expansion is recommended on 
CTVps to generate these PTVs. Very little data 
exists for the use of IGRT and adaptive treatment 
plans for anal cancer. It may be necessary to 
insert fi ducial markers into or close to the pri-
mary tumour and the anal margin to track the 
movement of these to provide confi dence regard-
ing tumour position. Alternatively cone beam CT 
scanning may be used with off-line correction. 
Due to the relatively poor visualisation with cone 

beam imaging, visualisation of the primary 
tumour may be diffi cult, and a surrogate of poten-
tial tumour movement might be required, for 
example, the degree of rectal gas distortion. Daily 
imaging and a knowledge of the department’s 
systematic and random errors may allow the cli-
nician to reduce the CTV to PTV margin to 
5–7 mm particularly for patients treated in the 
supine position. Hence, each department should 
audit its margin of errors to ensure the PTV mar-
gins allocated are reasonable.  

11.16.4     Elective Volumes 

11.16.4.1     Anal Canal CTV (CTVa) 
 We believe that the whole anal cancer should be 
considered at risk of microscopic disease and, if 
not covered in the initial GTV expansion, should 
be delineated separately and then expanded to 
form part of the CTV, i.e. CTVa alongside the pri-
mary tumour CTVp to create the primary tumour 
PTVp + a. This is rarely the case as expansion of 
15 mm caudal and cephalad means the anal canal 
will invariably be included in the CTVp, unless 
the tumour involves the rectum above the dentate 
line. The superior extent of the anal canal can be 
determined on MRI scans and is usually defi ned 
superiorly by a line joining the tip of the coccyx 
and the most inferior aspect of the pubis. 
However, we do not agree with the Australasian 
atlas (Ng et al.  2012 ) that the entire ischiorectal 
fossa should be contoured as CTVa.  

11.16.4.2     Mesorectum (CTVm) 
 The perirectal mesorectal region should be con-
toured to include perirectal nodes, but the lower 
part of the mesorectum is poorly visualised on 
CT and is even less clear more superiorly, par-
ticularly anteriorly, because other structures are 
not available to defi ne its boundaries. Hence 
there may be a need to be more generous anteri-
orly. The archives suggest that in anal cancer 
Papillon did not formally treat the lymph nodes 
– although he used arc therapy. He is said to have 
commented that recurrences were always within 
the reach of his fi nger (i.e. 6–9 cm) and probably 
refl ect recurrent mesorectal lymph nodes. We do 
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not therefore recommend treatment of the upper 
portion or the entire mesorectum unless tumour 
extends to the peritoneal refl ection and enlarged 
presacral nodes are imaged. The lower portion of 
the mesorectum to a maximum distance of 5 cm 
cephalad to the tumour should be suffi cient for 
CTVm unless tumour extends from the anal canal 
above the dentate line. We suggest that 
CTVm = mesorectum with no further expansion 
+ 10 mm for PTV will then suffi ce.    

11.17     Elective Nodal Volumes 
(CTVn) 

 Much of the basis of pelvic atlases and anatomi-
cal details have been defi ned in patients with cer-
vical cancers, where it was apparent that 
conventional techniques for cervix irradiation 
based on bone references often failed to encom-
pass the planning target volume (Zunino et al. 
 1999 ). 

 Inclusion of the common iliac nodes, and full 
coverage of the entire internal iliac nodal system, 
by defi ning an upper CTV border at, or near, the 
sacral promontory (Das et al.  2007 ; Wright et al. 
 2010 ) remains an area of discussion. In the RTOG 
and European CTV recommendations, the elec-
tive nodal regions include common iliac nodes up 
to the 5th lumbar vertebra to a dose of 45 Gy. Yet, 
common iliac nodal involvement appears rare 
(1 %), and few recurrences are observed in this 
site. Standard inclusion within the radiotherapy 
fi eld may therefore not be justifi ed. In the 
Norwegian National Population Cohort (Bentzen 
et al.  2012 ), the standard superior border was at 
the level of the lower border of the SI joints. Only 
if the primary cancer extended into rectal mucosa 
or the nodes were considered involved did the 
fi eld extend to the sacral promontory. Thus 
despite the fact that approximately 50 % of 
patients had a fi eld extending to the lower end of 
the SI joint, no recurrences were observed above 
this treatment fi eld (Bentzen et al.  2012 ). 

 In ACT II the superior aspect of the initial 
APPA fi eld was defi ned as 2 cm  above  the infe-
rior aspect of the sacroiliac joints, i.e. usually at 
the S1/S2 interface, and with the beam diver-

gence, the estimated dose to the common iliac 
nodes was small (Aggarwal et al.  2012 ). Very few 
isolated recurrences are observed above this fi eld 
in the ACT II dataset (Sebag-Montefi ore et al. 
 2012 ). 

 We therefore recommend that only the more 
advanced (T3/T4) cancers with presacral nodes 
may need higher superior border extending the 
nodal/elective CTV to the origin of external and 
internal iliac nodes. 

 Normal-sized but potentially involved nodes 
cannot be reliably seen on CT or routine pelvic 
MRI scans. Three-dimensional lymph node map-
ping with the aid of lymphangiograms has been 
used to generate a nodal CTV guideline for gyn-
aecologic malignancies (Chao and Lin  2002 ). 
Meticulous pioneering work by Taylor et al. 
( 2005  and  2007 ) proposed the targeting of pelvic 
lymph nodes determined upon their predicted 
relationship to the pelvic vasculature which can 
be easily identifi ed on CT scan especially follow-
ing the administration of intravenous contrast. 

 The use of a margin of 7 mm was shown to 
cover 91, 98, 94 and 98.6 % of the common iliac, 
medial external iliac, anterior external iliac, and 
internal iliac lymph nodes, respectively. Although 
this study was performed in gynaecological can-
cer, it has gained acceptance as the basis for 
lymph node outlining in many pelvic cancers 
including high-risk prostate, bladder and penile 
cancer. The outlining of the vessels and subse-
quent expansion according to Taylor was used by 
the Australasian Gastrointestinal Tumour Group 
(AGITG) to form the basis of their atlas for IMRT 
planning of anal cancer (Ng et al.  2012 ). We have 
therefore recommended a 7-mm margin for elec-
tive nodal CTV around vessels. 

11.17.1     External Iliac Nodes 

 The external iliac vessels extend anteriorly along 
the pelvic sidewall as they descend through the 
pelvis. In terms of defi nition, the external iliac 
nodes refer to those above the inguinal ligament 
distinguishing them from the inguinal nodes 
which lie below. The lateral external nodes are 
less well covered using the 7-mm margin. Hence 
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a wider 10-mm margin following the iliopsoas 
margin should be considered. Consideration 
should be given to contouring the superfi cial iliac 
circumfl ex vein in clinically node-positive 
patients.  

11.17.2     Internal Iliac Nodes 

 The internal iliac vessels sometimes have subdi-
visions which should be outlined and then 
expanded by 7 mm. Care should be taken to 
extend the target volume to the pelvic sidewall.  

11.17.3     Obturator Node 

 The obturator node is not well covered using a 
simple expansion from the pelvic blood vessels. 
To cover this nodal group, a strip of 15–18 mm 
along the pelvic sidewall connecting the external 
iliac nodes to the internal iliac nodes is 
recommended.  

11.17.4     Inguinal Lymph Nodes 

 Agreed boundaries of the inguinal region and the 
position of uninvolved inguinal lymph nodes are 
diffi cult to determine on CT imaging alone. We 
agree with the RTOG suggestion that the inguinal 
region should be contoured as a compartment 
(Myerson et al.  2009 ), rather than just using ves-
sels. The inguinal node positions were not defi ned 
within the Taylor proforma (Taylor et al.  2007 ). 
The original ACT II protocol called for a 3-cm 
margin to fi eld inferior to the anal verge treating 
the inguinal and femoral nodes inferiorly to this 
distance. This would seem to extend unnecessar-
ily far inferiorly. 

 The inguinal nodes lie below the inguinal liga-
ment (not easily visible on CT scans). We con-
sider the inguinal compartment as extending 
from the superior aspect of the femoral head to 
1–2 cm below the junction of the saphenous vein 
and femoral vein. The superfi cial inguinal lymph 
nodes form a T-shape: one row (the horizontal 
group) is running parallel to and below the ingui-

nal ligament, while the other superfi cial row (the 
vertical group) is arranged vertically along the 
femoral/great saphenous vein. We have rarely if 
ever seen clinical involvement of the femoral 
nodes in anal cancer, unless the inguinal nodes 
are already grossly involved, and do not therefore 
recommend routine contouring of the femoral 
nodes. 

 Sartorius may be a diffi cult landmark. 
Anteriorly, the skin is not part of the volume, and 
the fi rst 5 mm can be spared except in case of 
skin invasion from involved nodes. We prefer to 
use a faint line anteriorly defi ning the fascia and 
the spermatic cord more medially. Posteriorly is 
the deep femoral vein. The edge of the iliopsoas 
muscle defi nes the lateral border, and the edge of 
the adductor longus muscle, the medial border. 
Again there is considerable variability on the 
medial aspect. 

 The RTOG 0529 RT guidelines recommend 
that if there are no positive nodes (on biopsy or 
imaging) in the inguinal/femoral nodal region, 
the caudad extent of elective CTV groin cover-
age should be at the level of the takeoff of the 
profunda femoris vessels (approximately the 
inferior aspect of the obturator foramina). The 
caudad extent of the inguinal region (CTVC) 
should be 2 cm caudad to the saphenous/femoral 
junction (which usually lies 4 cm below and 
4 cm lateral to the pubic tubercle) and cranially 
should extend to the upper edge of the superior 
pubic rami.   

11.18     Planning Target 
Volume (PTV)  

 The RTOG 0529 acknowledges that set-up varia-
tions can occur and recommend a PTV margin of 
about 10 mm to be appropriate. Specifying mar-
gins around a CTV for PTV is by no means an 
exact science. 

 We distinguish between primary CTVp 
(anisotropic expansion as above) and involved 
nodal CTVn, where we recommend an isotropic 
10-mm expansion to be added to generate the 
PTV. In contrast, the elective nodal CTVs are 
only expanded by 5 mm.  
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11.19     Summary of Volume 
Defi nitions 

 The AGITG guidelines and atlas for IMRT in 
anal cancer are also available for a pictorial atlas 
of some of these volumes (Ng et al.  2012 ).
•     GTVp  = includes the gross primary and anal 

tumour volume  
•    GTVn  = includes all involved nodal regions  
•   GTV combined ( GTV comb ) = GTVp + GTVn  
•    CTVp  = GTVp + 10-mm expansion radially 

and 15 mm sup/inf  
•    CTVa  = the entire anal canal  
•    CTVp  +  a  = includes the GTVp and the entire 

anal canal from the anorectal junction to the 
anal verge including the internal and external 
anal sphincters  

•    CTVn  = includes GTVn with a 10-mm 
expansion  

•    CTVn elective  = uninvolved nodal regions    
 CTV combined ( CTV comb ) = CTVp(+a) + CTVn 
  PTV  =  CTV comb  + 10 mm circumferentially 
  PTV elective  =  CTVn elective  + 7-mm margin  

11.20     The Pelvic Organs at Risk 
(OARs) 

  The pelvic organs at risk  (OARs) include the anal 
canal, small bowel, bladder, skin, external genita-
lia/perineal skin (penis and scrotum in men and 
vulva in women), iliac crests (from the bony top 
to the superior part of acetabulum inferiorly), 
femoral heads (from the bony top to the lesser 
trochanter inferiorly) and lumbosacral plexus. It 
is recommended that all these radiation-sensitive 
structures are outlined as part of the planning 
process by the radiation oncologist. Guidelines 
on dose constraints may be found per the RTOG 
0529 closed study protocol (  http://www.rtog.
org    ). The tolerance of these structures will be 
contextual in that exceeding some OAR doses is 
never acceptable, while others are relative. 
Imaging an organ does not necessarily mean that 
IMRT plans can be designed to spare it, because 
the organ’s location with respect to the target may 
not allow this. Nevertheless, objectives (desired 
achievements) and constraints (necessary 

achievements) will need to be set for clinical 
targets and critical structures with priorities or 
weighting for these structures. 

11.20.1     The Anal Canal 

 The anal canal is a radiation-sensitive structure. 
Its function is compromised by high doses of 
radiotherapy leading to late complications 
(Buettner et al.  2012 ; Peeters et al.  2006 ; 
Heemsbergen et al.  2006 ; Vordermark et al. 
 1999 ) and occasionally necessitating a stoma. In 
some ways it should be considered as an OAR. 
However, this is also the site of primary disease, 
and it is therefore not possible to restrict the dose 
prescribed to the anal canal as this may compro-
mise disease control.  

11.20.2     Lumbosacral Plexus 

 Some have contoured the lumbosacral plexus 
(Badin et al.  2008 ) from the L4–5 interspace to 
the level of the sciatic nerve in the greater sciatic 
foramen caudal to piriformis.  

11.20.3     Femoral Head and Neck 

 The entire femoral head and neck should be con-
toured using bone windows down to the lesser 
trochanter and considered as an organ at risk. The 
incidence of insuffi ciency fractures in the hips 
and femoral heads and late pathological fracture 
has been shown to be increased after pelvic radio-
therapy especially in women (Baxter et al.  2005 ; 
Tomaszewski et al.  2012 ). The present authors 
have experience of hip fractures in this elderly 
female treated population.  

11.20.4     Bone Marrow 

 Mell and colleagues (Mell et al.  2008 ) showed 
that the volume of bone marrow receiving 
10–20 Gy was associated with increased toxicity. 
Functional bone marrow is diffi cult to visualise 
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but can be assisted with the use of dynamic MRI 
sequences which are fused to the planning CT. A 
recent UK study of IMRT suggested that haema-
tological toxicity could be minimised by using 
the low superior fi eld border (standard in UK), 
and therefore sparing the bone marrow (Petkar 
et al.  2012 ). Our recommendations do not give 
concern for overall pelvic bone marrow doses, 
but there may be implications of IMRT on bone 
marrow volume irradiated – and particularly the 
impact of using VMAT as there will be a low- 
dose bath.  

11.20.5     Urinary Bladder 

 The external outline of the bladder wall should be 
contoured. Patients should have a comfortably 
full bladder pretreatment (≥250 ml). This may 
help move small bowel out of the pelvis and 
reduce toxicity, as the bladder is relatively radio-
resistant compared to the small bowel.  

11.20.6     Small Bowel 

 There is a signifi cant correlation between small 
bowel volumes receiving at least 15 Gy and acute 
grade 3 gastrointestinal toxicity (Robertson et al. 
 2010 ). 

 Tolerance of small bowel refl ects the volume 
of small bowel receiving 15 Gy (threshold of 
100–200 cm 3 ) – and 30 and 50 Gy (thresholds of 
35–300 cm 3 ) (Martin et al.  2010 ). Devisetty 
found a signifi cant correlation between dosimet-
ric parameters and acute GI toxicity for a V30 
>450 cm 3  (33 % GI toxicity) (Devisetty et al. 
 2009 ). 

 Since small bowel is a mobile organ which 
extends into the upper abdomen, it is not practi-
cal to outline the whole organ. Some contour 
small bowel from the rectosigmoid junction to at 
least 20 mm above the superior extent of any 
PTV as individual bowel loops. We consider that 
the small bowel should be contoured tightly 
around the bowel wall as individual bowel loops 
to 3 cm above the PTV. The RTOG recom-
mended three separate dose volume constraints 

for small bowel (Kachnic et al.  2013 ). In con-
trast, we have 4 constraints outside the PTV 
(<200 cm 3  to more than 30 Gy, <150 cm 3  to more 
than 35 Gy, <30 cm 3  to more than 45 Gy and 
none to more than 50 Gy).  

11.20.7     External Genitalia and 
Perineum 

 In males the testes are highly sensitive to the 
effects of radiation, and it is unlikely that an 
IMRT plan would be suffi ciently conformal to 
spare the testis to prevent loss of spermatogene-
sis. We contour from the base of the penis inferi-
orly. Little data exists regarding scrotal skin 
tolerance as a specifi c organ of risk; however, the 
development of skin toxicity around the external 
genitalia is one of the most distressing side effects 
of anal cancer RT. In females, there is an even 
greater lack of data regarding tolerance of clito-
ris, labia majora and labia minora. The vulva and 
soft tissues should be contoured up to the level of 
the mons pubis.  

11.20.8     Radiotherapy Dose 
Prescription 

 Elective – 42 Gy in 28 fractions (1.5 Gy per frac-
tion) in 5.5 weeks 

 Macroscopic disease – 50.4–52 Gy in 28 frac-
tions (1.8–1.86 Gy per fraction) in 5.5 weeks   

11.21     Discussion 

 The RTOG guidelines are a one-size-fi ts-all con-
sensus of experts for elective volumes (Myerson 
et al.  2009 ). However, anal cancer is not really a 
single disease entity but has different modes of 
spread depending on whether the tumour is large 
or small; demonstrates involved nodes or not; is 
lateral, anterior or posterior; or lies in the upper 
canal/extends above the dentate line or low canal 
or beyond the margin. Hence, the CTV needs cus-
tomising according to clinical and MRI staging 
and tumour site. Much of the present guidance is 
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merely judgement, based on experience and not 
an exact science. Each recommendation will be 
trading off perceived advantages and disadvan-
tages, but the delineation needs to be in the main 
reproducible. However, it is not designed to be a 
rigid framework, because diagnosing a clinically 
involved node in a particular site may persuade 
the radiation oncologist to extend the CTV beyond 
our recommended constructs.  

    Conclusions 

 In this chapter we have presented guidelines 
for imaging and contouring gross disease and 
elective nodal and anatomical volumes for tar-
get delineation in anal cancer for EBRT based 
on stage and location, which represents our 
‘index’ suggested algorithm. We recommend 
both a clinical proforma (Appendix  11.1 ) and 
an imaging proforma (Appendix  11.2 ) and a 
planning proforma as an absolute essential for 

accurate target delineation, for quality assur-
ance and to facilitate audit. We hope these pro-
posals will decrease uncertainties and observer 
variation, while also facilitating training. In 
future, we also need to agree exacting dose 
constraints by European consensus. 

 We are not aware of any ongoing phase III 
trials for anal cancer in any country. We hope 
therefore that this chapter and the recommen-
dations will be helpful in combination with 
the RTOG and Australasian atlases – each 
has strengths and limitations. Ongoing edu-
cation and real-time quality assurance will be 
essential for future phase III studies incorpo-
rating IMRT or VMAT. But it should be 
stressed that there is no ‘gold standard’ for 
target delineation in anal cancer. All recom-
mendations will inevitably change, develop 
and be modifi ed till we have international 
consensus.      
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APPENDIX 1
Proforma for documenting initial clinical extent of anal cancer: please draw on
diagrams from exam under anaesthetic (EUA) or clinical and/or MRI measurements

Patient Number Initials    

EUA   yes no
___________________________________________________________________
Clinical staging
Site Canal Margin Rectum Not known 
T* stage T1 T2 T3 T4 TX 

N* stage N0 N1 N2 (canal only) N3 (canal only) NX 

caudal extent above dentate line or below dentate line

Canal tumours Caudal Extent Margin tumours Nodes

Anterior Inguinal nodes 

R L cm R

R L
Anterior

from o’clock to o’clock

cm

Posterior Posterior

Pathology            Tumour type Squamous Basaloid 
Differentiation Poor Moderate Well 
Margins N/A biopsy Not clear Excision Clear 

*Staging of Anal Cancers – TNM
Anal Canal Anal Margin

T1 2 cm or less in greatest dimension T1 2 cm or less in greatest dimension
T2 > 2 cm but  ≤ 5 cm in greatest dimension T2 >2 cm but ≤ 5 cm in greatest dimension
T3 >5 cm in greatest dimension T3 >5 cm in greatest dimension
T4 Tumour of any size invading adjacent organ/s 

e.g. vagina, urethra, bladder (sphincter muscle 
involvement alone is not T4) 

T4 Tumour invades deep extradermal structures i.e. 
muscle, bone etc.

N0 No regional lymph node metastasis N0 No regional lymph node involvement
N1 Peri-rectal lymph node involvement N1 Ipsilateral inguinal lymph node involvement 
N2 Unilateral internal iliac &/or inguinal lymph 

node/s
-

N3 Peri-rectal & inguinal lymph nodes &/or bilateral 
internal iliac 
&/or inguinal lymph node involvement

-

    Appendices 

     Appendix 11.1 

11 Anal Carcinoma



210

             Appendix 11.2 

 TNM staging for anal canal cancer
  Primary tumour  ( T ) 
 Tx  Primary tumour cannot be assessed 
 Tis  Carcinoma in situ [Bowen’s disease, high-grade 

intraepithelial lesion (HSIL), anal intraepithelial 
neoplasia (AIN) II–III] 

 T1  Tumour less than 2 cm in greatest dimension 
 T2  Tumour between 2 and 5 cm in greatest 

dimension 
 T3  Tumour more than 5 cm in greatest dimension 
 T4  Tumour invading adjacent organs [vagina, 

urethra, bladder, sacrum] 
  Regional lymph nodes  ( N ) 
 NX  Regional nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in perirectal nodes 
 N2  Metastasis in unilateral internal iliac and/or 

inguinal nodes 
 N3  Metastasis in perirectal and/or bilateral internal 

iliac or inguinal nodes 
  Distant metastasis  ( M ) 
 M0  No distant metastasis 
 M1  Distant metastasis 

         Appendix 11.3: MRI Protocol 
for ANAL CANCER – Acquisition 
and Reporting 

 High-resolution MRI is an accurate tool for 
locoregional staging and response assessment. 
MRI provides an accurate depiction of tumour 
site and tumour size, defi nes the relationship of 
the tumour to adjacent structures and enables 
locoregional lymph nodes to be assessed. 

 The aim in anal cancer is to:
•    Identify patients with T3- or T4- and/or node- 

positive disease who have a poorer prognosis  
•   Defi ne the locoregional extent of disease to 

assist radiotherapy planning  
•   Defi ne the locoregional extent and degree of 

disease regression post therapy in order to tai-
lor further treatment    

    Patient Preparation 
 In terms of patient preparation, we do not advo-
cate the routine use of bowel cleansing (purgative 
or enema) or luminal distension. The use of an 

antiperistaltic (Buscopan or glucagon IM) may 
be helpful.  

    Sequences 
 Imaging may be performed on 1.5- or 3-T sys-
tems. Following localisation sequences, pelvic 
and tumour sequences are acquired. Pelvic 
sequences provide an overview of the entire pel-
vis and locoregional nodes refl ecting the lym-
phatic drainage of the tumour. The axial 
sequences are from the level of L5/S1 to below 
the symphysis pubis. Tumour sequences are 
taken axial and coronal to the anal tumour and 
canal. 

 Table  11.1  summarises the sequences applied. 
These include T1-weighted, T2-weighted and 
diffusion-weighted sequences.

       Table 11.1    MRI acquisition   

 Pelvis 
 Sequences and 
orientation 

 5 mm/no gap  T1 axial 
 To enable evaluation of 
locoregional lymphadenopathy 
and pelvic metastatic disease 

 T2 axial 
 T2 sagittal 
 DWI axial:  b  = 0, 
100, 1,000, 1,200 s/
mm 2  

  Primary tumour  
 3 mm/no gap  STIR and T2 axial 

and coronal 
 To enable evaluation of tumour 
extent and involvement of local 
structures 

 T2 axial and coronal 
 STIR axial and 
coronal 
 DWI axial:  b  = 0,100, 
500, 800 s/mm 2  

  The posttreatment MRI sequences should match the ori-
entation and angles of the pretreatment MRI  

      Table 11.2    Node size criteria. The following maximal 
size criteria are used to defi ne the upper limit of normal 
nodes   

 Sites  Size (mm) 

 Perirectal  5 
 Inguinal  15 
 External iliac  10 
 Internal iliac  7 
 Common iliac  9 
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        MRI Reporting 
 MRI reporting should refl ect the site and locore-
gional extent of the tumour and the presence and 
site of nodal disease and provide the maximal 
tumour dimension (RECIST 1.1.) and an overall 
stage (TNM). 

 At baseline, reports should include:
• .   Involvement of the anterior urogenital 

triangle  
•   Lymph node disease including the location 

and size of nodes  
•   TNM stage  
•   RECIST    

 Posttreatment reports should include:
•    Site of tumour (low, mid- or upper anal canal)  
•   Size (maximal transaxial dimension) of the 

primary tumour  
•   Maximal length of the primary tumour  
•   Height of tumour from the anal verge  
•   Morphologic appearance of tumour including 

any necrotic component  
•   Extent of extramural spread, which should be 

refl ected by descriptors of locoregional extent:
•    Involvement of the rectum  
•   Involvement of the levator ani  
•   Involvement of the ischiorectal fossa  
•   Involvement of the anterior urogenital 

triangle  
•   Lymph node disease including the location 

and size of nodes  
•   TNM: tumour downstaging, lymph node 

downstaging  

•   RECIST response  
•   Presence of post-CRT changes: fi brosis, 

desmoplasia, infl ammatory change, sub-
mucosal oedema and necros is         

    RECIST Response 
 This is as per RECIST 1.1 and the maximal 
tumour length is used.   

    Appendix 11.4 

 Lymph node volumes should follow vessels as 
defi ned by contrast CT using asymmetric man-
ual expansions to nodes along tissue planes as 
defi ned in the table below from Taylor et al. 
 Clinical Oncology .  2007 ;19:542–550

 Lymph node 
group  Recommended margins 

 Common iliac  7-mm margin around vessels; extend 
posterior and lateral borders to psoas 
and vertebral body 

 External iliac  7-mm margin around vessels; extend 
anterior border by additional 10 mm 
anterolaterally along iliopsoas muscle 
to include lateral external iliac nodes 

 Obturator  Join external and internal iliac regions 
with 18-mm-wide strip along pelvic 
sidewall 

 Internal iliac  7-mm margin around vessels; extend 
lateral borders to pelvic sidewall 

 Presacral  10-mm strip over anterior sacrum 
 Inguinal  Not described 
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       Appendix 11.5: Algorithm 
for Planning According 
to Site and Stage 

  1. Anal canal  –  T1 / T2  
  Site :  anal canal   Recommended GTV/CTV/

PTV 
 Imaging  Additional 

  Stage T1 , T2 N0  a  
 IMRT or VMAT or 3D 
conformal IMRT or VMAT 

 (i) GTV primary + 10 mm ant/
post/laterally + 15 mm sup and 
inf = CTVp 
 CTVp + 10 mm = PTVp 
 (ii) CTVm mesorectal nodes to 
5 cm 
 CTVn = vessels + 7 mm 
 External iliac, internal iliac 
obturator nodes from the level 
of S2 inferiorly (ACT II – 
2 cm above the most inferior 
aspect of SI joints) 
 Inguinal nodes as compartment 
 (CTVm + CTVn) + 
5 mm = PTVn 

 TRUS and/or MRI and CT 
scanning 

 Patient supine 
 Fiducial markers only 
if involved fi eld only 
for small T1 
 Anal canal (see 
Table  11.1 ) 
 Nodes (see Table  11.2 ) 

  B  
  Stage T1 , T2 ,  N1  b  (metastasis 
in lower perirectal nodes) 
 IMRT or VMAT or 3D 
conformal 

 (i) GTV primary 
 + 10 mm ant/post/laterally 
 + 15 mm sup and inf = CTVp 
 CTVp + 10 mm = PTVp 
 (ii) CTVm mesorectal nodes to 
superior rectal 
artery + presacral nodes 
 CTVn = vessels + 7 mm 
 Pelvic nodes below bifurcation 
of common iliac vessels, i.e. 
external iliac, internal iliac, 
obturator nodes 
 Inguinal nodes as compartment 
 (CTVm + CTVn) + 
5 mm = PTVn 

 TRUS and/or MRI and CT 
scanning 
 PET/CT recommended 

 Patient supine 
 Anal canal (see 
Table  11.1 ) 
 Nodes (see Table  11.2 ) 

  C  
  Stage T1 , T2 ,  N2 – N3  c  
 (N2-metastasis in unilateral 
internal iliac and/or inguinal 
nodes or N3) 
 IMRT or VMAT or 3D 
conformal 

 (i) GTV primary 
 + 10 mm ant/post/laterally 
 + 15 mm sup and inf = CTVp 
 CTVp + 10 mm = PTVp 
 (ii) GTV nodes + 
10 mm = CTVn 
 (iii) CTVm mesorectal 
nodes + presacral nodes 
 CTVn = vessels + 7 mm 
 Pelvic nodes below bifurcation 
of common iliac vessels, i.e. 
external iliac, internal iliac, 
obturator nodes 
 Inguinal nodes as compartment 
extending inferiorly if involved 
superfi cial inguinal nodes 
 (CTVm + CTVn) + 
5 mm = PTVn 

 TRUS and/or MRI and CT 
scanning 
 PET/CT highly 
recommended 

 Patient supine 
 Anal canal (see 
Table  11.1 ) 
 Nodes (see Table  11.2 ) 
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  2. Anal canal  –  T3 / T4  
  Anal canal / anal 
margin / rectum  
  C  
  Stage T3 , T4 ,  N0 – N3  
 (N2-metastasis in unilateral 
internal iliac and/or inguinal 
nodes or N3) 
 IMRT or VMAT or 3D 
conformal 

 (i) GTV primary 
 + 10 mm ant/post/laterally 
 + 15 mm sup and inf = CTVp 
 CTVp + 10 mm = PTVp 
 (ii) GTV nodes + 
10 mm = CTVn 
 (iii) CTVm mesorectal 
nodes + presacral nodes 
 CTVn = vessels + 7 mm 
 Pelvic nodes below bifurcation 
of common iliac vessels, i.e. 
external iliac, internal iliac, 
obturator nodes 
 Inguinal nodes as compartment 
extending more inferiorly if 
involved superfi cial inguinal 
nodes 
 (CTVm + CTVn) + 
5 mm = PTVn 

 TRUS and/or MRI and CT 
scanning 
 PET/CT highly 
recommended 

 Patient supine 
 Anal canal (see 
Table  11.1 ) 
 Nodes (see Tables  11.2  
and  11.3 ) 

   a T1/T2N0 and T1/T2N1 (inguinal nodes) anal margin treat as above A, except ensuring adequate coverage inferiorly 
  b Anal canal/rectum, i.e. anal canal extending >1 cm above dentate line, treat whole mesorectum/presacral area as for 
rectal cancer, but also the whole anal canal to the anal margin as CTV, i.e. treat as C above 
  c For T3/T4 cancers at any site – use algorithm C above even if cNO 
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        Appendix 11.6: Anal IMRT 
Planning Sheet 

Diagnosis: Squamous Cell Carcinoma Anus

Stage:.........………………………………………

Date:………………………………………………

Organ OAR / Target Dose constraint Dose received Signature

PTV 95 % of PTV Min 95 % /

99 % of PTV Min 90 % /

50 % of PTV Between 99 %  – 101 % /

5 % of PTV Max 105 % /

2 % of PTV Max 107 % /

/

Small Bowel >30 Gy <200 cc /

>35 Gy <150 cc /

>45 Gy <20 cc /

>50 Gy 0 cc /

/

Femoral Heads >30 Gy <50 % /

>40 Gy <35 % /

>44 Gy <5 % /

Pelvic bone 
marrow/iliac 
crests

/

/

Genitalia /

/

Bladder /

/

Patient Sticker

R. Glynne-Jones et al.
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   Table 11.3    Various guidelines for pelvic node CTV drawing   

 Common iliac  External iliac  Internal iliac  Obturator 

 Portaluri et al. 
( 2005 ) 

 Cranial: aortic 
bifurcation 

 Cranial: common iliac 
bifurcation (L5–S1) 

 Cranial: common 
iliac bifurcation 
(L5–S1) 

 Cranial: cranial 
sections of the 
obturator muscle 

 Caudal: common iliac 
bifurcation 

 Caudal: femoral ring 
(disappearance of lateral 
muscles of the 
abdominal wall, artery 
becomes lateral) 

 Caudal: cranial 
sections of the 
coccygeal muscle 

 Caudal: superior 
margin inferior 
branch of the pubic 
bone 

 Anterior: mesocolon  Anterior: fat of small 
bowel, deferent duct or 
round ligament 

 Anterior: bladder, 
uterus 

 Anterior: external 
iliac vein 

 Lateral: psoas muscles  Lateral  Lateral  Lateral 
 Posterior: sacrum  Cranial: psoas, int iliac 

vein, iliac bone, 
sacroiliac joint 

 Cranial: psoas 
muscle, int iliac 
vein, iliac bone, 
sacroiliac joint 

 Cranial: 
acetabulum 

 Caudal: piriformis 
muscle, internal 
obturator muscle 

 Caudal: piriformis 
muscle, int 
obturator muscle 

 Caudal: internal 
obturator muscle 

 Posterior  Posterior  Posterior: internal 
obturator muscle 

 Cranial: ext iliac vessels  Cranial: sacral wing  Medial: bladder 
 Caudal: pubic bone 
(superior branch) 

 Caudal: piriformis 
muscle 

 Medial: mesocolon, 
uterus, bladder 

 Medial: mesocolon, 
uterus, bladder 

 Taylor et al. ( 2005 , 
 2007 ) 

 7 mm around common 
iliac vessels, extending 
posterior and lateral 
borders to psoas and 
vertebral body 

 7 mm around ext iliac 
vessels, extending 
anterior border by 
additional 10 mm 
anterolaterally along the 
iliopsoas muscle to 
include lateral external 
iliac nodes 

 7-mm margin 
around int iliac 
vessels, extending 
lateral borders to 
pelvic sidewall 

 18-mm-wide strip 
along pelvic 
sidewall joining 
external and 
internal iliac 
regions 

 Shih et al. ( 2005 )  2.0-cm expansion 
around the distal 
2.5 cm of common 
iliac vessels superior to 
bifurcation 

 2.0-cm expansion 
around ext iliac vessels 
for 9 cm from common 
iliac bifurcation 

 2.0-cm expansion 
around int iliac 
vessels for 8.5 cm 
extending from 
common iliac 
bifurcation 

 Not specifi ed 

 RTOG 0418  7 mm around common 
iliac vessels, with 
superior border at 
7 mm below L4–L5 
interspace 

 7 mm around ext iliac 
vessels, terminating at 
the level of the femoral 
head 

 7 mm around int 
iliac vessels 

 Not specifi ed 

 Australasian atlas 
(Ng et al.  2012 ) 

 Not specifi cally 
recommended 

 7 mm around ext iliac 
vessels, from bifurcation 
of common iliac 
terminating at the level 
within the pelvis 

 7 mm around int 
iliac vessels, from 
bifurcation of 
common iliac 
terminating at 
obturator canal 

 From the 
acetabulum to 
obturator canal 
(3–5 mm) 
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12.1  Introduction

Sarcomas are a rare entity that accounts for less 
than 1 % of all malignant tumors with 0.6–0.7 % 
for soft tissue sarcomas and 0.2 % for bone sarco-
mas in adults (5.9 and 4.5 % in children, respec-
tively). The annual incidence of soft tissue 
sarcomas is approximately 3.0–3.8/100,000 
inhabitants and of bone sarcomas 0.8–1.1/100,000 
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inhabitants (Siegel et al. 2012). Sarcomas can 
occur in any anatomic region. About 60–75 % of 
soft tissue sarcomas are located in the extremi-
ties, 10 % in the trunk wall, 15 % in the retroperi-
toneum, and <10 % in the head and neck region 
or other sites. Predilection sites for bone tumors 
are the corresponding long bones around the 
knee (43 %) as well as the proximal extremity 
girdles and the pelvic region (31 %), which is the 
most common site for chondrosarcoma and 
Ewing sarcoma. The WHO classification in its 
revised form (Fletcher et al. 2013) differentiates 
between benign, malignant, and intermediate 
lesions which are subcategorized in “locally 
aggressive” or “rarely metastasizing.” At present, 
there are 53 different malignant subtypes of soft 
tissue tumors and another 26 soft tissue tumors of 
“unspecified, borderline, or uncertain behavior.” 
For bone tumors, 28 malignant and 7 “unspeci-
fied, borderline, or uncertain” subtypes are 
described. Thus, the heterogeneity of histologies, 
sites, and biological behavior of sarcomas is a 
challenge even in interdisciplinary expert man-
agement. Given the rarity and the complexity of 
the disease, treatment of sarcomas should be 
reserved to centers with special expertise.

This chapter concentrates on those entities the 
radiation oncologist is confronted with more fre-
quently, i.e., (1) soft tissue sarcomas, (2) desmoid- 
type fibromatosis, (3) osteosarcomas, (4) Ewing 
sarcoma, (5) chondrosarcomas, and (6) chordomas.

12.2  General Aspects of Radiation 
Treatment Planning in 
Sarcomas

In curative radiation treatment of sarcomas, high 
total doses are in use. Thus, reproducible posi-
tioning is of utmost importance. Immobilization 
aids like vacuum mattresses for the body and 
thermoplastic masks for head and neck or distal 
extremity sites should be used routinely in order 
to keep margins between the clinical target vol-
ume (CTV) and the planning target volume (PTV, 
see ICRU-reports 50, 83) as small as reasonably 
possible. For photon treatment, the use of 
intensity- modulated radiation therapy (IMRT) in 

combination with image guidance (IGRT) is 
strongly encouraged. With IMRT, chances are 
high to achieve sufficient dose coverage of any 
irregularly shaped PTV and to realize steep dose 
gradients to critical organs at risk (OAR) in close 
proximity to the tumor site. IGRT helps to reduce 
the margin for positioning uncertainty, thus, 
reducing the high dose volume as well. Other 
high-precision techniques such as stereotactic 
radiotherapy, interstitial brachytherapy, or intra-
operative radiotherapy may be of special value in 
sarcoma treatment in order to improve the thera-
peutic ratio for uncomplicated cure. For some 
entities like chondrosarcoma and chordoma, par-
ticle therapy has been reported to be very suc-
cessful. For curative treatment in pediatric 
patients, protons are a valuable option because of 
the reduced dose-wash outside the PTV in com-
parison to photon IMRT techniques. The high 
linear energy transfer (LET) of heavy particles 
like carbon ions may bring along additional bio-
logical advantages in slowly growing tumors, but 
for most histological entities, experience is still 
very limited so far.

12.3  Soft Tissue Sarcomas

12.3.1  Anatomy and Histopathology

Soft tissue tumors are derived from mesenchymal 
cells and are classified according to their line of 
differentiation into adipocytic tumors, fibroblas-
tic−/−myofibroblastic tumors, so-called fibrohis-
tiocytic tumors, smooth muscle tumors, pericytic 
tumors, skeletal muscle tumors, vascular tumors, 
chondro-osseous tumors, gastrointestinal stromal 
tumors, nerve sheath tumors, and tumors of uncer-
tain differentiation as well as undifferentiated/
unclassified tumors. Benign soft tissue tumors are 
at least 100 times more frequent than malignant 
soft tissue tumors. In terms of both prognosis and 
therapeutic decisions, grading of malignant 
tumors is crucial. In addition to the categories of 
benign and malignant tumors, there is the  category 
of intermediate malignancy: Tumors belonging to 
the latter category either display a locally aggres-
sive behavior e.g., desmoid- type fibromatosis) or 
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show the ability to give rise to metastasis (e.g., 
dermatofibrosarcoma protuberans, giant cell 
tumor of soft tissues). In terms of sarcomas, there 
is a couple of grading systems in use, all of which 
correlating with prognosis. The two most widely 
used are those proposed by the NCI (National 
Cancer Institute) and the FNCLCC (French 
Fédération Nationale des Centres de Lutte Contre 
le Cancer) (Coindre 2006), the latter showing 
superior prognostic prediction. It comprises three 
independent prognostic factors: (i) tumor differ-
entiation according to histological type, (ii) the 
mitotic count in 10 HPF, and (iii) the presence/
extent of necrosis. Factors are scored separately 
and added to a sum score, corresponding to the 
three-grade system. Translated into a two-grade 
system, grade I tumors are rated low grade, 
whereas grade II and grade III tumors are consid-
ered to be high grade. If alternatively a four-grade 
system is applied, then grades I–II is regarded as 
low grade and grades III–IV as high grade, 
respectively.

In the TNM-staging system for STS in its 7th 
edition (Sobin et al. 2009), “T” stands for size of 
the primary tumor (T1: ≤5 cm, T2: >5 cm). The 
location is described in relation to the fascia (suf-
fix “a,” superficial tumor site with no fascial con-
tact; suffix “b,” fascial involvement). “N” stands 
for absence or presence of regional nodal (N0, 
N1) and “M” for distant metastases (M0, M1). In 
contrast to the UICC classification of carcinomas, 
the UICC classification of sarcomas in the 7th 
edition considers the grading as the most impor-
tant prognostic factor, with UICC stage I reserved 
for low-grade sarcomas.

The most frequently encountered soft tissue 
sarcomas are undifferentiated pleomorphic sar-
coma (formerly: malignant fibrous histiocytoma 
(MFH)) which cannot be assigned to a certain 
cell line, liposarcoma (adipocytic tumor), leio-
myosarcoma (smooth muscle tumor), myxofibro-
sarcoma (fibroblastic tumor, see Fig. 12.1), 
synovial sarcoma (uncertain differentiation, not 
arising from synovial cells!), and malignant 
peripheral nerve sheath tumors. These entities 
account for approximately 75 % of all soft tissue 
sarcomas, three quarters of them being high 
grade.

12.3.2  Imaging of STS

Soft tissue sarcomas presenting as a mass of a 
certain size can be visualized on CT, which is 
particularly helpful to detect calcifications and 
secondary changes of adjacent bony elements. 
However, the preferred diagnostic tool is mag-
netic resonance imaging (MRI) which allows 
depiction of several tissue components on the 
basis of intrinsic signal characteristics. For exam-
ple, high signal intensity on T1- and T2-weighted 
images and signal loss on fat-suppressed images 
indicate fatty tissue; intermediate signal intensity 
on T1-weighted and high signal intensity on 
T2-weighted images is seen with cystic, necrotic, 
or myxoid tumor components, whereas low sig-
nal intensity on images with T2 contrast is com-
patible with the presence of calcifications, 
collagen, or hemosiderin deposits. In most cases, 
the application of contrast medium is indicated in 
order to further characterize the tumor with 
respect to its vascularization, homogeneity, and 
extent of necrosis. Furthermore, the margins of 
the lesion can be visualized, ranging from well 
demarcated to infiltrative. Benign lesions may be 
encapsulated, but even high-grade sarcomas 
might be surrounded by a relatively well-defined 
zone of compressed normal tissue, which is 
referred to as the pseudocapsule. On the other 
hand, locally aggressive lesions such as 

Fig. 12.1 Myxofibrosarcoma, G2. Intermediate grade 
myxofibrosarcoma showing mildly atypical, hyperchro-
matic tumor cells in a myxoid stroma and a characteristic 
vascular pattern with curvilinear, thin-walled blood vessels
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 desmoid- type fibromatosis may exhibit diffusely 
infiltrating margins. Thus, the growth pattern, as 
displayed by MRI, does not necessarily correlate 
with the malignancy of a soft tissue tumor, but is 
crucial for the radiation oncologist with regard to 
target volume delineation. MRI visualizes tumor 
localization (subcutaneous, intramuscular, inter-
muscular, etc.), fascial involvement, transcom-
partmental spread, as well as infiltration of 
adjacent tissues such as bone. There may be clear 
evidence of involvement of major vessels or 
nerves if they are entirely encased by the tumor 
or noninvolvement if these structures are clearly 
separated from the tumor by a layer of normal 
tissue. If the tumor abuts major vessels or nerves, 
the infiltration probability can be estimated from 
the degree of circumferential contact.

Peritumoral edema represents a common MR 
finding in soft tissue sarcomas, which is visualized 
as an ill-defined area of high signal intensity on fat-
suppressed, T2-weighted, and STIR images as well 
as on contrast-enhanced T1-weighted images with 
fat suppression. In STS of the extremities, peritu-
moral edema can be quite extensive longitudinally 
and might even exceed the length of the solid 
tumor. It should be regarded as potentially contam-
inated by tumor cells, although compression of 
venous and/or lymphatic vessels may contribute to 
formation of edema distal to the mass as well.

The value of positron emission tomography with 
glucose-labelled tracers (e.g., FDG-PET- CT) is lim-
ited for the delineation of the primary tumor. A 
threshold-based approach in 17 patients produced 
large standard deviations between the gross tumor 
volume (GTV) based on PET-CT in comparison 
with contrast-enhanced MRI for all SUV (standard-
ized uptake value) thresholds (Karam et al. 2009). 
Nevertheless, FDG-PET-CT could be of help in 
defining the clinically relevant portion of peritu-
moral edema in sarcomas producing a substantial 
FDG uptake in the primary tumor. In a study of 7 
superficial sarcomas (6 “MFHs”), SUVs were cor-
related with histopathological findings at regular 
intervals of 1 cm up to 5 cm away from the primary 
tumor defined by contrast-enhanced MRI. Mean 
SUVmax was 2.2 (range 0.3–3.8) at 1 cm, 1.1 (0.85–
1.47) at 2 cm, and 0.83 (0.65–1.15) at 3 cm from the 
tumor margin. Mapping of the resected tissue 

revealed absence of tumor cells in areas where 
SUVmax was below 1.0 (Yokouchi et al. 2011).

12.3.3  Target Volume Delineation 
in STS

Generally, visualization of the tumor with MRI is 
the basis for target volume definition in STS. 
Thus, the use of a contouring software that allows 
for import of MRI sequences and registration 
with the planning CT is strongly recommended. 
For visualization of the primary tumor, a contrast- 
enhanced T1-weighted sequence with fat sup-
pression is appropriate, supplemented by a 
T2-weighted sequence for fatty components, if 
indicated. For visualization of the peritumoral 
edema, fat-suppressed T2-weighted images are 
most suitable, covering the whole extent of soft 
tissue edema longitudinally.

12.3.3.1  Target Volume Delineation 
in Extremity Soft Tissue 
Sarcoma (ESTS)

ESTS, Target Volume Delineation  
for Preoperative Radiotherapy
Ideally, diagnostic MRI is performed in the same 
position as radiation treatment, allowing for exact 
registration with the planning CT and delineation 
of the primary tumor and perifocal edema. The 
GTV encompasses the visible primary tumor. 
The inclusion of edema is a matter of contro-
versy. There is a consensus that it should in any 
case be included into the CTV which generally 
covers the whole volume of potential micro-
scopic tumor involvement, but one could argue 
that visible changes in the MRI signals reflect a 
macroscopic tumor involvement and the edema 
should be regarded as GTV.

Historically, in extremity soft tissue sarcoma 
(ESTS), radiation treatment fields were chosen 
that encompassed the visible tumor with a 2 cm 
margin in anterior-posterior and lateral directions 
and a 5 cm or wider margin longitudinally up to a 
dose of approximately 50 Gy (Mundt et al. 1995; 
Wylie et al. 1999). This had to be translated into 
the ICRU concept with definitions of CTV and 
PTV margins (ICRU reports 50, 83).
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According to a meeting of radiation oncolo-
gists involved in STS Radiation Therapy 
Oncology Group (RTOG) studies, their view of 
CTV definition for preoperative radiotherapy of 
intermediate-to-high-grade sarcoma (tumor size 
≥5 cm) followed the RTOG 0630 protocol, 
expanding the GTV with a radial margin of 
1.5 cm and a longitudinal margin of 3 cm, short-
ened at the end of a compartment. Inclusion of 
suspicious edema defined on MRI T2 images 
beyond the margins mentioned above was left to 
the clinical judgement of the radiation oncolo-
gist. It could be excluded from the CTV in case 
the risk of tumor cell occurrence seemed to be 
low or the irradiation caused excessive toxicity 
(Wang et al. 2011).

In a later consensus meeting of experts in radi-
ation oncology from Canadian, American, and 
European sarcoma centers, for high-grade 
tumors, a CTV definition was advocated expand-
ing the GTV in all radial directions by 1.5 cm and 
longitudinally by 4 cm (Haas et al. 2012). The 
edema was not included in the GTV but in the 
CTV, expanding the CTV beyond the geometri-
cal margins wherever edema was visible. 
Uninvolved fascia and bones were regarded as 
being effective barriers to tumor spread. Thus, 
restricting the CTV to their surfaces and to the 
skin was found to be sufficient (Hong et al. 2004). 
The longitudinal margin of 4 cm was supported 
by a histopathological study in 15 patients, which 
reported changes in T2-weighted MRI signal in a 
distance up to 0–7 cm, contrast enhancement in 
0–5 cm, and tumor cells up to 4 cm away from 
the main tumor mass, as was confirmed in the 
corresponding surgical specimens (White et al. 
2005). For definition of the PTV, an institutional 
margin for positioning uncertainty should be 
applied around the CTV, which may be 1 cm or 
more for variable sites like the thigh or reduced to 
0.5 cm in case of reproducible mask fixation of 
the target and/or daily image guidance with visu-
alization of the soft tissue (Haas et al. 2012; 
Dickie et al. 2010).

After analysis of 60 recurrences (7.8 %) in a 
cohort of 768 STS patients treated with pre- or 
postoperative radiotherapy between 1990 and 
2006, PTV encompassing the GTV with 

 longitudinal margins of 5 cm and 1–2 cm axially 
appeared sufficient, as 49 relapses were in-field, 
2 were marginal, and only 9 were out-of-field 
(1.1 % overall) (Dickie et al. 2012).

Bearing in mind the success rates of adjuvant 
brachytherapy in ESTS with margins of not more 
than 1.5–3 cm and the more precise imaging and 
dose application techniques available today, the 
margin width for CTV and PTV definitions is 
under discussion. At the MGH, Boston, good 
results in preoperative radiotherapy of ESTS were 
achieved with a margin of 1–1.5 cm radially and 
3.5 cm longitudinally to the GTV for the definition 
of the CTV and another 0.5–0.7 cm expansion for 
the PTV. After a median follow-up of 41 months, 5 
local recurrences occurred in 56 patients (5-year 
actuarial local control rate of 88.5 %), of which 
three were located in the CTV and two within and 
beyond the CTV (Kim et al. 2010).

To reduce margins between CTV and PTV, 
immobilization aids have been proven to be 
effective (Dickie et al. 2009). If daily image guid-
ance with cone beam or MV-CT is performed, a 
0.5 cm CTV expansion for the PTV is permitted 
(O’Sullivan et al. 2013).

In preoperative radiotherapy of extremity STS, 
wound complication is an issue of note. The OAR 
is the skin and subcutaneous tissue around the 
tumor that receives a relevant radiation dose and is 
involved in the wound healing process after tumor 
resection. In a phase III randomized trial on extrem-
ity STS, the arm with preoperative radiotherapy to 
a total dose of 50 Gy followed by surgery was asso-
ciated with a 35 % wound complication rate, 
whereas in the other arm with surgery upfront fol-
lowed by postoperative radiotherapy to a total dose 
of 66 Gy, a 17 % wound complication rate was 
observed (O’Sullivan et al. 2002).

In a phase II study on preoperative IMRT 
(50 Gy) and IGRT for lower extremity STS, the 
CTV was defined as the GTV plus a radial margin 
of 1.5 cm and a longitudinal margin of 4 cm. The 
PTV encompassed the CTV plus a 0.5 cm margin 
in all directions. A high radiation dose to planned 
excision sites and tissue qualifying for surgical 
skin flaps was carefully avoided. A 30.5 % inci-
dence of wound complications was found in 59 
evaluable patients. This was  numerically lower 
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than the risk of 43 % for lower limb STS derived 
from the preoperative arm of the randomized trial 
cited above, but did not reach statistical signifi-
cance (O’Sullivan et al. 2013). Image-guided 
IMRT reduced the need for tissue transfer and 
was associated with low chronic morbidity.

Another phase II study of preoperative image- 
guided IMRT to a total dose of 50 Gy for ESTS 
stages II–III, aiming for a reduction of wound 
complication rate (primary endpoint), was initi-
ated in 2011 at the Technical University of 
Munich (PREMISS: Preoperative Radiotherapy 
for Sarcomas of the Extremities with Intensity- 
Modulation, Image-guidance and Small Safety 
margins, NCT01552239), (National Cancer 
Institute 2013). In the PREMISS protocol, the 
GTV encompasses the tumor and the peritumoral 
edema, with a 1 cm expansion in axial and a 
2.5 cm expansion in longitudinal directions for 
the CTV and another 0.5 cm margin for the PTV. 
An example is given in Fig. 12.2.

In order to quantify the sparing of organs at 
risk, namely, the bone and the soft tissue outside 
the PTV (BoneexPTV, SoftTissueexPTV), these struc-
tures are contoured from each 3 cm proximal to 
the first and distal to the last CT slice containing 
the PTV. Intensity-modulated treatment planning 
aims for keeping the percentage of “BoneexPTV” 
encompassed by the 40 Gy isodose (V40Gy) below 
50 %. Likewise, the V30Gy of the “SoftTissueexPTV” 
is kept below 50 %.

ESTS, Target Volume Delineation for 
Postoperative Radiotherapy
In soft tissue sarcoma of the extremity with no prior 
radiation treatment, postoperative radiotherapy is 

usually indicated with the exception of low-grade 
tumors after R0 resection and atypical lipomatous 
tumors (ALT) after marginal resection. Generally, 
the dose administered to the tumor site (PTVboost) 
may vary between 60 and 70 Gy, according to histo-
logical subtype, grade, and resection margin. For a 
larger volume including all surgically manipulated 
tissue (PTVlarge), the prescribed dose is often 
between 45 and 56 Gy. Careful review of surgical 
and pathological reports as well as postoperative 
MRI will help to identify areas in need of irradiation 
and facilitate the choice of boost dose.

With IMRT, simultaneous integrated boost 
techniques became available, leading to concepts 
of slightly enhanced single doses (≤2.2 Gy) for 
the PTVboost and/or slightly reduced single doses 
(≥1.7 Gy) for the PTVlarge compared to conven-
tional fractionation. An example is given in 
Fig. 12.3.

At the time of planning CT, all surgical scars 
and drainage sites should be marked with radi-
opaque linings. As there is no “GTV” after mac-
roscopical complete tumor resection, any attempt 
should be made to coregistrate the planning CT 
with pre- and postoperative MRI in order to 
reconstruct the GTV contact planes (GTVcontact) 
in the postoperative anatomy. The comparison of 
preoperative and postoperative MRI helps to dif-
ferentiate between perifocal edema arising from 
the tumor and postoperative edematous changes. 
The resection site might exhibit slight contrast 
enhancement, and scarring might be visible 
through soft tissue deformation.

The clinical target volume for the boost dose 
(i.e., CTVboost) encompasses the GTVcontact plus a 
margin of 1.5 cm, the initially suspicious perifocal 

Fig. 12.2 Myxoid liposarcoma (cT2b cN0 cM0 G2) of 
the right lateral gastrocnemius muscle in a 41-year-old 
man. (a) Axial contrast-enhanced T1-weighted image with 
fat suppression, tumor size 10.5 cm × 7.2 cm. (b) Coronal 
STIR image, solid lesion of 14.3 cm in length, marked dis-
tal soft tissue edema following a fascial plane (arrow).  
(c–d) Target volume definition for preoperative radiother-
apy to a total dose of 50 Gy, visualized on a coronal STIR 
image and a coronal reconstruction of the planning CT: 
solid primary tumor, yellow; GTV, orange (including 
edema); CTV, pink (GTV plus 1 cm margin in axial and 
2.5 cm margin in longitudinal directions in soft tissue); and 

PTV, red (CTV plus 0.5 cm margin, including GTV plus 
1 cm margin, regardless of bone or air). (e) Four weeks 
after radiotherapy, axial contrast- enhanced T1-weighted 
image with fat suppression: tumor size 8 cm × 5.3 cm, 
decreased contrast enhancement of tumor tissue, increased 
proportions of myxoid changes, and necrosis. (f) Coronal 
STIR image 4 weeks after RT, solid tumor 12.6 cm in 
length (“no change” according to RECIST version 1.1), 
regression of soft tissue edema. After limb- preserving 
tumor resection, all resection margins were found free of 
tumor (R0 resection), and the percentage of vital tumor 
cells quantified to be approximately 5 %
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edema, and the resection cavity with a 0.5–1.5 cm 
margin. According to institutional protocols and 
reproducibility of patient positioning, the PTVboost 
expands the CTVboost with a margin of 0.5–1 cm.

The clinical target volume for the lower dose 
(CTVlarge) encompasses the GTVcontact with a more 
generous margin of 4 cm in longitudinal and 
1.5 cm in radial directions, restricted to anatomic 
borders respected by the tumor, and all surgically 
manipulated tissue including scars and drainage 
sites with a 0.5–1 cm margin. Again, another 
0.5–1 cm margin is applied to generate the PTVlarge.

12.3.3.2  Target Volume Delineation 
in Retroperitoneal Soft 
Tissue Sarcoma (RPS)

In retroperitoneal soft tissue sarcomas (RPS) insti-
tutional series with intraoperative radiotherapy, 

proton or carbon ion therapy have produced prom-
ising results (Sindelar et al. 1993; Petersen et al. 
2002; Pawlik et al. 2006; Serizawa et al. 2009; 
Yoon et al. 2010; Pezner et al. 2011), though the 
data from epidemiological studies is conflicting 
(Sampath et al. 2010; Tseng et al. 2011). The cur-
rent concept of preoperative radiotherapy is espe-
cially helpful in retroperitoneal STS, as the tumor 
displaces the surrounding bowel, the normal tis-
sues with tumor contact are in place for target vol-
ume definition, and the limited total dose of 50 Gy 
is feasible in the abdomen (Pawlik et al. 2006). In 
2012, a multicenter phase III randomized con-
trolled trial has been initiated to elucidate the effect 
of preoperative radiotherapy (50.4 Gy) on abdomi-
nal recurrence- free survival (STRASS: Surgery 
With or Without Radiation Therapy in Treating 
Patients With Previously Untreated Nonmetastatic 

a
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hfd

Fig. 12.3 Epitheloid myxofibrosarcoma of the right knee 
in a 73-year-old woman. (a) Axial contrast-enhanced 
T1-weighted and (b) sagittal T2-weighted images with fat 
suppression showing pretibial tumor with extensions to 
the medial femoral condyle and to the tibial tuberosity. 
(c–d) Postoperative situation (pT2b cN0 cM0 G2, ≥R1) 
after tumor resection in another facility, displayed on axial 
and sagittal T1-weighted fat-suppressed images: contrast 
enhancement of the resection cavity, residual tumor can-
not be excluded, in particular medial to the patella and at 
the tibial tuberosity. The patient refused amputation, radi-
cal local tumor resection would result in a loss of function 
in the knee joint, therefore postoperative/definitive radio-
therapy was offered. (e) Axial and (f) sagittal planning CT 

reconstruction, target volume definition for simultaneous 
integrated boost technique: tumor contact and resection 
cavity (GTVcontact/postop), yellow; PTVSIB2, light orange 
(GTV plus 0.5 cm axial margin and 1.5 cm proximodistal 
margin, with 0.2 cm skin sparing) to a total dose of 
70.4 Gy in 32 fractions of 2.2 Gy; PTVSIB1, orange (post-
operative edemal changes plus 1 cm axial margin and 
2 cm longitudinal margin) to a total dose of 64 Gy in frac-
tions of 2.0 Gy; CTVlarge, not shown (postoperative edemal 
changes plus 1.5 cm axial margin and 4.5 cm longitudinal 
margin, in soft tissue); and PTVlarge, red (CTVlarge plus 
0.5 cm margin) to a total dose of 57.6 Gy in fractions of 
1.8 Gy. (g) Axial and (h) sagittal view of the dose distribu-
tion (tomotherapy planning)
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Retroperitoneal Soft Tissue Sarcoma, EORTC- 
protocol 22092, NCT01344018) (EORTC 2013). 
A consensus meeting on target volume definition 
for RPS outside study protocols is in preparation.

Generally, in the retroperitoneal space, liposar-
coma is the predominant histology, followed by 
leiomyosarcoma, accounting for 50 and 26 % of 
RPS, respectively, according to a SEER database 
with 1,365 patients undergoing resection of RPS 
in the years 1988–2005 (Nathan et al. 2009). 
Whereas for atypical lipomatous tumors of the 
limbs (ALT), even in case of microscopic incom-
plete resection, the indication for postoperative 
radiation therapy is rarely given, and the estimated 
risk of dedifferentiation is below 2 %; for retro-
peritoneal ALT, it might exceed 20 %. In ALT of 
the retroperitoneum, spermatic cord or mediasti-
num tumor-free resection margins are rarely 
achieved and may ultimately lead to death in the 
following 10–20 years in >80 % of patients due to 
repeated, locally uncontrolled recurrences or 
dedifferentiation with development of metastases. 
For dedifferentiated liposarcoma at first presenta-
tion, a local recurrence rate of 40 % after 5 years 
is reported for all sites, but for a retroperitoneal 
site, nearly all tumors eventually recur if patients 
are followed up for 10 years or longer. Factors rel-
evant for survival in RPS are the histological sub-
type, the histological grade, and the tumor invasion 
of adjacent structures, whereas tumor size has no 
impact on overall survival (Nathan et al. 2009).

For target volume delineation in retroperito-
neal sarcoma, a contrast-enhanced computed 
tomography is needed which can be comple-
mented with registration of MRI. 4D-CT helps to 
quantify the organ movement due to breathing. 
The extent of dedifferentiation may vary grossly 
within a tumor. In case of low-grade liposarcoma, 
it may be extremely difficult to determine the 
GTV as there is often no “capsule” between ALT 
and normal fatty tissue, and tissue densities/sig-
nal intensities may not differ. The displacement 
of bowel is indicative of the presence of a tumor 
mass as well as a “blurred” aspect of the fatty tis-
sue, which may result from streaks of collagen or 
an inflammatory component of the tumor.

Perifocal edema is less common in RPS in 
comparison with ESTS and, if present, should at 

least be included in the CTV. Institutional proto-
cols for the GTV-to-CTV margin may vary in the 
order of 0.5–2 cm, according to the adjacent tis-
sue. We suggest a general margin of 1.5 cm in all 
directions around the primary tumor plus perifocal 
edema. In the direction of anatomic barriers, e.g., 
uninvolved liver, we reduce the margin to the 
extent of breathing movement as visible in a 
4D-CT. There should be clear communication 
with the surgeon if the ipsilateral kidney is to be 
removed later, in which case a compromise in the 
target volume delineation for ipsilateral kidney 
sparing is not indicated, and sparing of the contra-
lateral kidney is mandatory. With image- guided 
IMRT, we apply a margin of 0.5 cm around the 
CTV to derive the PTV. The dose (i.e., 50.4 Gy) is 
prescribed to the median, aiming for a target dose 
coverage of 95 % of the nominal dose in at least 
95 % of the target volume (D95% ≥ 47.8 Gy). The 
intersection of the PTV and small or large bowel is 
derived from the contoured structures and sub-
jected to a dose of 47.8–50.4 Gy in the optimiza-
tion process, with steep dose gradients in the 
bowel outside the PTV. In the spinal cord, we 
allow for a dose maximum of 50.4 Gy. For other 
organs like the stomach, duodenum, liver, pan-
creas, spleen, and lungs, the planning optimization 
is generally aiming for organ sparing outside the 
PTV, but without limitation of the dose maximum 
in the intersection zone between the PTV and 
organs at risk. An example is given in Fig. 12.4.

In a pilot study of 18 patients with retroperito-
neal liposarcoma, the CTV was restricted to the 
posterior abdominal wall from where the tumor 
derived. After a total dose of 50 Gy in fractions of 
2 Gy, acute toxicity was tolerable and all tumors 
could be resected. With a median follow-up of 27 
months, 2 local recurrences developed (Bossi 
et al. 2007). In another pilot study on 16 patients 
with RPS, a total dose of 45 Gy in 25 fractions 
was applied to the entire tumor plus 1–1.5 cm 
margins and a simultaneous dose escalation to a 
total dose of 57.5 Gy (in fractions of 2.3 Gy) to 
the volume predicted as being at high risk for a 
tumor-positive surgical margin (contoured in 
consultation with the operating surgeon). Acute 
morbidity was manageable, and 14 patients 
underwent macroscopic complete tumor 
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 resection. Two recurrences were seen after a 
median follow-up of 28 months (Tzeng et al. 
2006). A retrospective analysis of the recurrence 
pattern in 33 patients treated with preoperative 
RT for RPS (GTV plus 1–1.5 cm margin for CTV 
and another 0.5 cm for PTV) and 32.9 months of 
median follow- up identified only 4 patients with 
a local recurrence within the treatment field that 
theoretically might have been prevented with 
local dose escalation. Another 12 patients devel-
oped a failure outside the PTV or at regional, dis-
tant, or a combination of sites. The authors 
concluded that the approach of dose escalation 
might be limited, and strategies for appropriate 
patient selection were needed (McBride et al. 
2013). However, 10 of 33 patients in this series 
additionally had a postoperative I-125 brachy-
therapy implant at the tumor resection site with a 
median dose of 77.5 Gy. Thus, it remains unclear 
how many further local recurrences might have 
already been prevented by this boost technique.

12.3.3.3  Target Volume Delineation 
in STS of Other Sites

Soft tissue sarcoma can occur at any site of the 
body and at all ages. In adults, the limbs (see 
Sect. 12.3.3.1) and the retroperitoneal space (see 
Sect. 12.3.3.2) are the most frequent sites of STS, 
but up to 10 % of tumors may arise each in the 
head and neck region and the trunk/pelvis. Target 
volume definition follows the same principles as 
described for extremity STS. Nevertheless, the 
growth directions of the tumors might be more 
complex and have to be considered individually. 
The margins for definition of the CTV may be 
shortened in a way just to encompass the surface 
of uninvolved anatomic barriers like bones or to 
exclude critical radiosensitive structures. If a 
combination of surgery and radiotherapy is 
 indicated in STS of the head and neck, the advan-
tages of preoperative radiation therapy (lower 
doses, smaller treatment volumes, etc.) are par-
ticularly valuable. In case of radical tumor resec-
tion probably resulting in large defects requiring 
plastic surgery, again preoperative radiotherapy 
may be preferred in order to omit irradiation of 
the transferred flap tissue.

If a radical tumor resection is not feasible 
because of the tumor site or extent (e.g., large 
STS of the tongue, extensive angiosarcoma of 
the face/scalp, etc.), definitive radiation therapy 
is considered. An example is given in Fig. 12.5. 
Total doses of 70 Gy or more may be applied, 
e.g., with shrinking fields, a simultaneous inte-
grated boost technique, or with brachytherapy. 
For CTV definition of the boost, margins of 
2 cm around the GTV are often not feasible and 
thus substantially reduced, depending on histol-
ogy, site, organs at risk, and irradiation 
technique.

12.3.3.4  Target Volume Delineation 
in Pediatric STS

In children, STS represents the fifth most com-
mon tumor group with an incidence of 1/100,000 
per year. The most frequent STS histology is 
rhabdomyosarcoma (RMS), accounting for 
approximately half of all STS in children. All 
pediatric sarcoma patients should be treated 
within prospective interdisciplinary protocols 
(like the Intergroup Rhabdomyosarcoma Studies 
(IRS), studies from the Children’s Oncology 
Group in North America, SIOP-MMT studies in 
Europe, Italian Cooperative Group RMS studies, 
German Cooperative CWS protocols, etc.) that 
also guide target volume definitions. In compari-
son with recommendations for radiotherapy of 
STS in adults, a reduction of margins and doses 
seems to be feasible in children (Curtis et al. 
2009; Krasin et al. 2010; Wolden et al. 2005; 
Eaton et al. 2013). Techniques to reduce the inte-
gral dose to the body like brachytherapy and par-
ticle therapy are of particular value in this age 
group (Blank et al. 2010; Combs et al. 2012; 
Cotter et al. 2011; Childs et al. 2012; Laskar et al. 
2007; Lee et al. 2005; Timmermann et al. 2007; 
Viani et al. 2008).

In the Children’s Oncology Group D9602 
study for low-risk RMS, a cumulative incidence 
of local/regional failure not higher than 15 % 
after 5 years was reported. The study included 
342 eligible patients, of which 172 received 
radiotherapy to stage-adapted total doses of 
36 Gy, 41.4 Gy, or 50.4 Gy as part of their 
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Fig. 12.4 Fourth recurrence of a retroperitoneal liposar-
coma (rcT2b N0 M0 ≥ G1) within 8 years in a 74-year-old 
man having undergone several tumor resections, includ-
ing right nephrectomy and adrenalectomy, cholecystec-
tomy, right hemicolectomy, and partial resections of 
involved diaphragm, small bowel, and sigma. (a) Axial 
contrast-enhanced T1-weighted image with fat suppres-
sion, showing a bimorphic tumor: a non-lipomatous com-
ponent in the midline closely related to duodenum and 
pancreas, displaying high signal intensity due to contrast 
enhancement (bright yellow structure) and a lipomatous 
(well-differentiated) component (light yellow structure) 
with low signal intensity due to suppression of fat signal, 
extending from the right liver lobe to the iliac crest. (b) 
Axial T2-weighted image: hypointense signal intensity of 
the non-lipomatous portion and isointensity to fat of the 
well-differentiated  portion. (c) Target volume definition 
for preoperative radiotherapy to a total dose of 50 Gy in 
25 fractions of 2 Gy: GTVs, yellow and PTV, red, includ-
ing the non-lipomatous portion of the recurrence plus 

1.5 cm margins and the  well-differentiated portion with 
1.0 cm margins for CTV (not shown), plus a 0.5 cm mar-
gin for positioning uncertainty. In the direction of the sole 
kidney, the margins were locally restricted to a sum of 
1.5 cm. Vena cava inferior – blue (for alignment purposes 
of MRI and CT). The hypodense subcapsular liver lesion 
is a residual known to be caused by trauma. (d) Axial and 
(e) coronal view of the dose distribution, optimized for 
dose sparing of the kidney (tomotherapy planning). (f) 
Dose volume histograms (from right to left): GTV, yellow; 
PTV, red; bowel, green; bowel outside PTV (subvolume 
of bowel), darker green; liver, beige; and sole kidney, 
light green. Six weeks later, a macroscopic complete 
resection of the non- lipomatous portion of the recurrence 
including partial duodenectomy and bowel resections was 
achieved as well as a debulking of the well-differentiated 
tumor recurrence. The most recent follow-up 1.5 years 
after combined treatment showed a stable situation with 
remnants of well-differentiated tumor

 multimodal treatment. The gross tumor was 
defined as the pretherapeutic extent of tumor, 
excluding the intra-abdominal or intrathoracic 
portion that had initially displaced organs but 
then had vanished under chemotherapy or deb-
ulking surgery, letting the organs return to their 
normal anatomic position. The CTVlarge was 
defined as the GTV plus 1.5 cm and included 
the entire lymph node chain in case of lymph 
node involvement. The CTVboost beyond a dose 
of 36 Gy to the primary site was defined as the 
GTV plus 0.5 cm. Generally, the PTV was 
defined as the CTV plus an institution- specific 

margin, which was 0.5 cm in most patients 
(Breneman et al. 2012).

In the COG 9803 study, for intermediate-risk 
RMS, again a combined margin of 2 cm around 
the GTV was used to derive the PTV. The cumula-
tive 5-year failure rate of locoregional control was 
similar for patients receiving 3D-conformal radio-
therapy (3D-CRT) or IMRT with 18 and 15 %, 
respectively. IMRT improved the target dose cov-
erage compared with 3D-CRT, which according to 
the authors might become a relevant issue when 
lowering radiation doses or margins in future stud-
ies (Lin et al. 2012). An example of an  extensive, 
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Fig. 12.5 Rapidly growing right midfacial angiosarcoma 
(cT2b cN1 cMx G3) in a 90-year-old woman. (a) Coronal 
and (b) axial STIR image displaying an infraorbital tumor 
affecting the right lower eyelid and anterior buccal tissue 
(submandibular lymph node metastasis not shown). (c) 
Axial contrast-enhanced T1-weighted image showing pre-
maxillary tumor tissue with hypointense signal. (d) Target 
volume delineation for definitive (palliative) radiotherapy, 
visualized on a coronal STIR image and (e) in the coronal 
planning CT reconstruction: GTV, yellow (including high-
risk buccal tissue); PTVSIB, orange (GTV of primary tumor 
(and affected lymph node, not shown) plus 1 cm margin, 

shortened in the direction of the eye bulb); and PTVlarge, 
red (GTV plus 3 cm margin, shortened in the direction of 
the oral cavity (and submandibular nodal region, not 
shown)). (f) Coronal view of the dose distribution (tomo-
therapy planning). In fact, 25 of 30 planned fractions of 
2.0 Gy to the PTVSIB and of 1.8 Gy to the PTVlarge of this 
plan were actually delivered. For the remaining 5 fractions, 
both target volumes were cranially restricted to just include 
the lower eyelid in order to spare orbital structures. (g) 
Coronal and (h) axial STIR images and (i) axial contrast-
enhanced T1-weighted image, 6 weeks after radiotherapy, 
showing nearly complete remission of tumor
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irregularly shaped primary tumor not feasible for 
3D-CRT but for IMRT is given in Fig. 12.6.

Special attention is given to STS of parameningeal 
location. In consecutive IRS protocols, target vol-
ume definition for parameningeal STS with high 
risk for meningeal extension changed considerably 
over time, with inclusion of whole- brain radiation 
therapy (WBRT) in 1978 (IRS-II), elimination of 
WBRT for a subgroup of patients in 1987 (IRS-III), 
and for all patients in 1991 (IRS-IV). The margin 
around the primary tumor at the skull base was 
changed from 2 cm in IRS-II to 5 cm in IRS-III and 
resumed to 2 cm in IRS-IV. In many circumstances, 
to spare critical surrounding structures, the 2 cm 
margin had to be smaller to minimize risks of toxic-
ity. The cumulative 5-year failure rate for all 595 
eligible parameningeal RMS patients (including 
38 % RMS with intracranial extension) was 17 %. 
No significant differences in the incidence of local 
failure by protocol era from IRS-II to IRS-IV were 
detected. Thus, WBRT and larger margins could 
safely be omitted (Michalski et al. 2004).

In a small series of 17 parameningeal STS 
patients, including 9 tumors with intracranial 
extension, radiotherapy to a median prescribed 
dose of 50.4 Gy (relative biological effectiveness 
(RBE)) was delivered with protons. The CTV 
was individually drawn and a margin of 
0.75–1 cm added to account for setup uncertainty 
and penumbra lateral to the beam direction. After 
a median follow-up of 5 years for survivors, the 
crude local failure rate was 18 % (3 of 17) and 
thus comparable to the studies cited above. Rates 
of late effects from proton radiotherapy com-
pared favorably to reports from photon-treated 
cohorts (Childs et al. 2012).

In an institutional series of 55 RMS patients 
including 18 parameningeal tumors, treated 
between 2000 and 2010, a PTV cone-done boost 
was applied in 28 patients (51 %) with a median 
relative reduction in PTV volume of 56 %. The 
PTVlarge was based on the pretherapeutic gross 
tumor (GTVinitial) with a 0.5–1.5 cm margin to 
derive the CTV and an additional margin of 0.5–
1.0 cm to account for setup uncertainty and target 
motion. For patients who received a cone-down 
boost after delivery of 36–41.4 Gy, a PTVboost was 
created based on residual gross tumor after induc-
tion chemotherapy (GTVpostCTx) with the margins 

applied accordingly. In total, 5 local failures were 
observed, all occurring within the high-dose tar-
get volumes. Thus, the receipt of a response- based 
boost in conjunction with delayed RT had no dis-
cernible impact on local control in most patients, 
but allowed for considerable sparing of normal 
tissue. However, in the subset of patients with 
parameningeal RMS and intracranial extension, a 
high rate of leptomeningeal recurrences was 
observed after application of a cone-down boost, 
which prompted the authors to advise for wider 
margin RT for this subgroup (Eaton et al. 2013).

12.3.3.5  Target Volume Delineation 
in Metastatic Sites of STS

There is some evidence that treating metastatic 
sites of RMS with curative doses of radiotherapy 
might be beneficial. In a group of 13 children, 
including 8 RMS patients and 5 with Ewing sar-
coma, radiotherapy to total doses above 40 Gy in 
each metastatic site led to an actuarial local con-
trol rate of 92 % after 5 years. Overall survival 
was 35 % at 5 years (Liu et al. 2011).

In our practice, metastatic sites of RMS (and 
Ewing sarcoma) in children are treated with a 
simultaneous integrated boost (SIB) technique 
(see Fig. 12.6 and also Fig. 12.14 in Sect. 12.6). 
The PTVlarge is defined as the visible GTV 
including edema plus a 0.5 cm margin for the 
CTVlarge and another 0.5 cm margin for position-
ing inaccuracies. In vertebral metastasis, the 
whole affected vertebra is included in the 
CTVlarge; in a long bone, its full thickness at the 
affected level; and in lymph node metastasis, the 
affected nodal region. For the PTVlarge, a total 
dose of 45 Gy in fractions of 1.8 Gy is pre-
scribed. A simultaneous integrated boost (SIB) 
to a total dose of 50 Gy in fractions of 2.0 Gy is 
applied to a PTVboost, encompassing the GTV 
plus a 0.5 cm margin.

Metastatic sites of soft tissue sarcoma in 
adults might be treated by radiosurgery or hypo-
fractionated stereotactic radiotherapy, applying 
the established concepts of treatment for intracra-
nial, pulmonal, hepatic, or osseous metastases. 
Review of 21 sarcoma patients treated with radio-
surgery to a marginal dose of 16 Gy in 60 cere-
bral lesions resulted in a local control rate of 
88 %. The median survival after diagnosis of 
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Fig. 12.6 Stage IV alveolar rhabdomyosarcoma cT2b cN1 
cM1 (LYM, PLE, OSS) G3 in a 16-year-old boy. The main 
tumor mass is located in the posterior mediastinum and mid-
line upper abdomen (axial width 11 cm) with infiltration of 
the diaphragm, the neuroforamen Th11/12, several lymph 
node metastases at the mediastinum, the paraaortal and trun-
cal region, and the internal mammarian chain, diffuse pleural 
involvement on the left side with numerous nodular tumor 
deposits and pleural effusion, peritoneal tumor nodules con-
tacting the spleen, and left iliac bone metastasis. (a) 
Pretherapeutic FDG-PET, coronal view, showing elevated 
glucose uptake of primary tumor and metastatic sites. (b) 
Target volume delineation for definitive radiotherapy of all 
tumor sites after good response to four cycles of chemother-
apy according to CWS-guidance protocol (complete remis-
sion), coronal planning CT reconstruction: GTV1, yellow 
(thoracoabdominal tissue contacting the initial tumor/metas-
tases or residual lesions); GTV2, yellow (extent of initial 
tumor in the left iliac bone); PTV1SIB50Gy, orange (GTV1 plus 
0.5 cm margin); PTV2SIB50Gy, pink (GTV in left iliac bone plus 
0.5 cm margin) to a total dose of 50 Gy in 25 fractions of 
2.0 Gy; PTV2large 41.4Gy, purple (GTV2 in left iliac bone plus 
1 cm margin) to a total dose of 41.25 Gy in fractions of 
1.65 Gy; and PTV1large36Gy, red (GTV1 plus 0.5 cm margin 
without lung tissue for CTV1, plus another 0.5 cm margin for 
positioning uncertainty, including on the left side the whole 
parietal pleura, diaphragm, and peritoneal surfaces of high 

risk plus 1 cm margin, restricted to 0.5 cm into the left kidney) 
to a total dose of 36 Gy in fractions of 1.44 Gy). (c) Coronal 
view of the dose distribution (tomotherapy planning), includ-
ing pleural irradiation on the left side. Irradiation time per 
fraction was 17.5 min. (d) Dose volume histograms for target 
volumes displayed in “overlap mode,” showing exclusively 
those parts of target volumes not included in others of higher 
planning priority (right to left): PTV2SIB50Gy, pink; PTV1SIB50Gy, 
orange; PTV2large 41.4Gy, purple; and PTV1large36Gy, red. (e) Dose 
volume histograms displayed in “standard mode” for 
PTV2SIB50Gy, pink, and PTV1SIB50Gy, orange, and the following 
OARs (right to left on the level of median dose): spinal cord, 
brown (maximal dose (Dmax) 50 Gy); left ventricle of heart, 
red (mean heart dose (Dmean) 26 Gy, volume receiving 40 Gy 
(V40Gy) 9 %); left lung, green (V20Gy 62 %, V30Gy 40 %, Dmean 
26 Gy); liver, violet (V30Gy 22 %); left kidney, darker green 
(V18Gy 45 %); whole lung, pale blue (Dmean 15.6 Gy); right 
lung, blue (Dmean 6.3 Gy); and right kidney, dark blue (V18Gy 
8 %). The radiation therapy was delivered simultaneously to 
the 5th and 6th cycle of chemotherapy (dosage of substances 
reduced to 67 %) in a split-course manner with a planned 
break of 2 weeks after the 13th fraction and transplantation of 
autologous stem cells after both cycles. After additional high-
dose chemotherapy and allogeneic transplantation, the patient 
is disease free and in good performance status. Late effects of 
radiation therapy do not exceed grade I° according to RTOG/
EORTC (last follow-up so far 2.4 years after diagnosis)
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intracranial metastasis was 16 months (Flannery 
et al. 2010). In a series of 52 patients with multi-
modality treatment of their lung metastases of 
STS, including 15 patients and 74 lesions treated 
with extracranial stereotactic radiotherapy 
between 1990 and 2006 (preferred concept of 
50 Gy total dose in 5 fractions), actuarial local 
control at 5 years was 82 %. Median overall sur-
vival was 2.1 years for patients receiving stereo-
tactic radiotherapy and 0.6 years for those who 
never received it (p = 0.002) (Dhakal et al. 2012). 
After stereotactic radiotherapy to spinal metasta-
ses in 58 patients with 65 lesions, isolated local 
failure of the unirradiated adjacent vertebral bod-
ies occurred in 3 % (Klish et al. 2011). Thus, 
restricting the PTV to the affected vertebral level 
seems to be safe.

In bone metastases of STS amenable to stereo-
tactic radiotherapy, we adopted the concept of 5 
fractions of 6 Gy to the PTVlarge (definition as 
stated above for metastatic sites in children) with 
a simultaneous integrated boost (SIB) of 8 Gy per 
fraction to the GTV plus a 0.5 cm margin 
(PTVboost).

For larger STS metastasis of any site not suit-
able for stereotactic radiotherapy, a hypofraction-
ated concept aiming at local control is offered 
with 22 fractions of 2.0 Gy to the PTVlarge and of 
2.5 Gy to the PTVboost as defined above, with an 
optional SIB2 of 2.7 Gy to the GTV(= PTVboost2), 
resulting in nominal total doses of 44 Gy, 55 Gy, 
and – if applicable without additional risk – 
59.4 Gy, respectively. An example is given in 
Fig. 12.7. Target volume definition is generally 
based on image fusion of planning CT with diag-
nostic MRI and treatment delivered with IMRT 
and daily image guidance.

For palliative treatment of STS metastases, 
hypofractionated treatment with single doses of 
3 Gy to a total dose of, e.g., 39 Gy may be offered 
safely (Soyfer et al. 2010).

12.4  Desmoid-Type Fibromatosis

12.4.1  Anatomy and Histopathology

Desmoid-type fibromatosis is a locally aggres-
sive (myo)fibroblastic neoplasm that usually 
arises in deep soft tissues. According to the WHO 

classification 2013, it is a soft tissue tumor of 
borderline malignancy due to locally aggressive 
growth with a high tendency toward local recur-
rence, but lacks metastatic potential. Mesenteric 
fibromatosis may be associated with Gardner- 
type familial adenomatous polyposis (FAP). The 
pathogenesis of sporadic lesions is thought to be 
multifactorial, with trauma (e.g., from surgery) 
and endocrine changes (e.g., gestation) playing a 
role. Abdominal fibromatosis may arise from the 
musculoaponeurotic structures of the abdominal 
wall (e.g., rectus or internal oblique muscles) or 
intra-abdominally in the mesentery or pelvis. 
Extra-abdominal fibromatosis can occur at any 
anatomical site; predilection sites are the shoul-
der, chest wall, back, thigh, and the head and 
neck region. The macroscopic aspect resembles 
scar tissue. Histopathologically, the lesions are 
typically poorly circumscribed with infiltration 
of the surrounding soft tissue structures. There is 
a spindle cell proliferation (fibroblasts or myofi-
broblasts with low mitotic activity and without 
cytological atypia) in a collagenous stroma, 
arranged into ill-defined long fascicles, contain-
ing prominent blood vessels and sometimes peri-
vascular edema (see Fig. 12.8). Especially in 
mesenteric or pelvic lesions, myxoid change may 
be found (Goldblum and Fletcher 2013).

12.4.2  Imaging in Desmoid-Type 
Fibromatosis

MRI represents the imaging modality of choice 
in desmoid-type fibromatosis. For imaging of 
abdominal fibromatosis, computed tomography 
still has its role and MRI can be used supple-
mentarily. The intermuscularly located lesions 
usually exhibit predominantly low signal inten-
sity on T1-weighted MR images and show con-
siderable contrast enhancement (see Fig. 12.9a, 
b). On T2-weighted images, the signal intensity 
may vary interlesionally and intralesionally, 
depending on the extent and distribution of col-
lagen deposits and more cellular areas. Dense 
areas of collagen typically present as band-like 
areas of low signal intensity. High T2-weighted 
signal intensity was found to be associated with 
a higher contrast enhancement ratio, suggesting 
that this might reflect greater cellularity and 
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Fig. 12.7 Osseous metastasis of a liposarcoma in the first 
lumbar vertebra with soft tissue extension into the left 
psoas muscle (and a further lesion each to the left iliac 
bone and to the proximal femur, not shown) in a 55-year-
old man, 10 years after R0 resection with intra- and post-
operative radiotherapy of a 21-cm-sized primary of the left 
thigh and 2 years after R1 resection and postoperative 
radiotherapy of a 12-cm-sized sternal metastasis. (a) 
Coronal and (b) axial contrast- enhanced T1-weighted MR 
image displaying the intraosseous and extraosseous por-
tion of the lumbar metastasis with elevated signal intensity 
compared to unaffected vertebral body and muscle signal-
ing. (c) Axial CT image at the level of the affected verte-
bra, subtle morphological changes in the vertebral body, 
hypodensity, and enlargement of the left psoas muscle. (d) 
Target volume definition for definitive radiotherapy in a 
simultaneous integrated boost technique, visualized on a 
coronal STIR image and (e) in the axial planning CT: 
GTV, pale yellow (including soft tissue mass at the level 
L1-2 and fascial involvement of psoas muscle down to the 

level L3); PTVSIB1, orange (GTV plus 0.5 cm margin, 
without spinal canal) to a total dose of 55 Gy in 22 frac-
tions of 2.5 Gy; and PTVlarge, red (GTV plus 1 cm margin 
in axial, 1.5 cm in cranial and 2.0 cm in caudal directions, 
including the whole affected vertebral body plus 1 cm mar-
gin, reduced in the direction of the right kidney) to a total 
dose of 44 Gy in fractions of 2.0 Gy. PTVSIB2 – inner yel-
low contour (GTV with a negative margin of 0.5 cm, mini-
mal distance to spinal canal 1.0 cm) to a prescribed total 
dose of 59.4 Gy in fractions of 2.7 Gy. (A similar concept 
was used for radiation treatment of the metastatic sites in 
the pelvis, not shown.) The maximum point dose in the 
spinal canal was restricted to 51.5 Gy. The average dose 
(Dmean) to the left and right kidney was 17.9 and 8.2 Gy, the 
volume receiving 18 Gy or more (V18Gy) 32.5 and 5 %, 
respectively. (f) Contrast-enhanced CT image 1 year after 
definitive radiation treatment: complete remission with 
recalcification of the vertebral lesion and shrinkage of the 
soft tissue extension in the left psoas muscle (arrow). No 
deterioration of renal function parameters

vascularization of a potentially aggressive des-
moid tumor (Sinha et al. 2012). Usually, the 
margins of the lesion are ill defined, reflecting 
the diffuse infiltration of neighboring tissues. 
Streaks of high signal intensity in fat-sup-

pressed, contrast- enhanced T1-weighted images 
or inversion recovery T2 images may exceed the 
main tumor mass by several centimeters and 
may indicate the extent of fascial involvement 
or direction of growth.
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12.4.3  Target Volume Delineation  
in Desmoid-Type Fibromatosis

Local recurrences are common after surgical resec-
tion alone, as a histological complete resection is 
difficult to achieve or would require mutilating sur-
gery with gross functional deficits in individual 
cases. In a review of 22 publications on treatment of 
extra-abdominal fibromatosis, the 5-year local con-
trol rate was 72 % in case of complete tumor resec-
tions (R0) and 41 % in case of tumor-involved 
surgical margins (R1), whereas rates of 94 and 75 % 
were reported for a combined treatment with post-
operative radiotherapy, respectively. Radiotherapy 
alone was more effective than surgery alone with 
control rates of 78 % versus 61 % (Nuyttens et al. 
2000). The treatment of recurrences results in 
higher recurrence rates than treatment of newly 
diagnosed tumors (Zlotecki et al. 2002), and 
reported doses vary between 50 and 60 Gy with 
conflicting data on the issue, whether or not doses 
above 56 Gy are of further benefit (Gluck et al. 
2011; Guadagnolo et al. 2008; Micke and 
Seegenschmiedt 2005; Rutenberg et al. 2011; 
Zlotecki et al. 2002).

As spontaneous arrest of the growth was found 
in approximately 50 % of patients during follow-
 up with either medical therapy or no therapy at 
all, modern management of desmoid-type fibro-
matosis aims for a conservative approach when-
ever possible, including pharmacotherapy like 
tamoxifen or imatinib (Bonvalot et al. 2012). In 
growing tumors, surgery aims for complete 
resection. Nevertheless, in a substantial 
 percentage of cases, the final resection margins 
are very close or positive, in which case, additive 
radiotherapy is indicated (Baumert et al. 2007; 
Mullen et al. 2012). Irresectable tumors might be 
referred for definitive radiotherapy; an example 
is given in Fig. 12.9.

Given the rarity of the disease, details for tar-
get volume delineation are sparse, apart from the 
general advice for generous margins and the risk 
of failure at the edges of the radiation fields 
(Zlotecki et al. 2002; Gluck et al. 2011).

In a series of 65 patients treated with postop-
erative or definitive radiotherapy at the University 
of Florida between 1970 and 2000, RT portals 

encompassed the full tumor extent and/or the 
entire operative bed with the addition of gener-
ous, 5–10 cm, margins. After a median total dose 
of 54 Gy, 11 local failures occurred, two within 
the RT fields and nine at a margin of the RT field. 
The authors recommend to choose the size of 
irradiation ports large enough to cover the tumor 
bed and the full extent of all operative fields with 
sufficient margins to cover potential fibromatosis 
infiltration along the paths of the neurovascular 
bundles, fascial planes, and other potential paths 
of least resistance (Zlotecki et al. 2002).

Of 68 patients with radiotherapy for desmoid- 
type fibromatosis included in a study of a 
European rare cancer network, 17 developed a 
recurrence. Eleven recurrences (65 %) occurred 
at the field border or in areas of the target volume 
receiving less than 50 Gy of total dose. Thus, the 
authors supported the recommendation to add 
wide radiation field margins of at least 5 cm 
around the tumor or the surgical bed in the direc-
tion of possible infiltrative growth (Baumert 
et al. 2007).

In the series of 115 patients treated at the MD 
Anderson Cancer Center between 1965 and 2005, 
radiation portal margins were retrospectively cal-
culated as one half of the difference between the 
maximal tumor dimension and the largest portal 
dimension, resulting in values <5 cm in 33 %, 
5–7 cm in 22 %, and >7 cm in 44 %. The local 
control rates after 10 years for the three groups 
were 66, 88, and 73 %, showing no statistically 
significant difference. Similar values for local 
control were found regarding subgroups of 
patients with and without surgery. The current 
clinical practice at this institution at the time of 
publication was to include the surgical bed with a 
5–7 cm margin to a dose of 50 Gy in case of mar-
ginal tumor resection. For gross disease, treat-
ment of gross tumor volume plus 5–7 cm margins 
to a dose of 50 Gy was recommended, to be fol-
lowed by a boost to the GTV with 2–3 cm mar-
gins to a cumulative dose of 56 Gy (Guadagnolo 
et al. 2008).

A series of 31 patients from a single institu-
tion was managed with a combination of tumor 
resection and intraoperative electron irradiation 
(IOERT) to a median dose of 12 Gy, followed by 
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fractionated postoperative external-beam radio-
therapy (EBRT) to a median dose 45 Gy. The 
IOERT boost was intended to cover the surgical 
bed with a margin of 1 cm as visually defined in 
correspondence with the surgeon. In fact, the 
median applicator size was 9 cm (range 5–14 cm), 
whereas the reported median tumor size was 
9 cm as well (range 4–25 cm). The EBRT target 
volume included the surgical bed (and macro-
scopically residual tumor, if present), with a 
safety margin of 5–7 cm. After a median follow-
 up of 32 months, 5 recurrences were noted, clas-
sified as in-field IOERT in three, in-field EBRT 
in one, and at the border of the EBRT field in one 
case. The estimated 5-year local control for the 
whole group was 73 % and within the IORT-field 
82 %, respectively (Roeder et al. 2010).

In our institution, the general principles of sar-
coma treatment are applied (see above). Apart 
from the main tumor mass, we include all streaky 
changes of high MRI signal intensity in contrast- 
enhanced, fat-suppressed T1-weighted images 
and in STIR images into the GTV. Definitive 
radiotherapy is applied in IMRT technique with a 
simultaneous integrated boost concept and daily 
image guidance (see Fig. 12.9). The boost vol-
ume, consisting of the GTV plus a 0.5 cm margin 
to derive the CTVboost and another 0.5 cm margin 
to derive the PTVboost, is treated to a total dose of 
60 Gy with single fractions of 2.0 Gy. The 
CTVlarge considers the GTV with margins of 1.5–
4.5 cm, depending on the anatomical site and the 

directions of growth. The PTVlarge, including the 
CTVlarge plus a 0.5 cm margin, is to be treated to 
a total dose of 54 Gy with single fractions of 
1.8 Gy. The 2–4.5 cm margins are applied in the 
directions of suspected tumor growth, i.e., along 
the fascial planes and neurovascular bundles, and 
the smaller 1.5–2 cm margins in the direction 
perpendicular to these planes. In case of tumor 
adherence to bone, a maximal slice of 1 cm thick-
ness of the bone is included in the PTVlarge.

In the postoperative setting, apart from recon-
structing the contact zones of the removed tumor 
mass, all manipulated tissue from previous tumor 
resections including scars are identified and in our 
practice included in the “GTVpostop.” Applying 
the margins as described above, the PTVlarge is 
derived. Drainage sites are at least included in the 
CTVlarge with 0.5 cm margins. In case of micro-
scopically involved resection margins (R1 resec-
tion), treatment of a boost volume based on the 
contact zones of the resected tumor and the resec-
tion cavity with 1 cm margins is discussed indi-
vidually. In case of localized macroscopic residual 
tumor (R2 resection), a boost volume is treated to 
a total dose of 60 Gy, consisting at least of the 
residual tumor plus a 1 cm margin.

12.5  Osteosarcoma

12.5.1  Anatomy and Histopathology

Bone tumors account for less than 0.2 % of all 
malignant tumors. The annual incidence of osteo-
sarcoma (OS) is approximately 0.2–0.3/100,000 
with a peak incidence of 0.8–1.1/100,000 in the 
age group 15–19 years and a smaller peak in older 
adults (0.4/100,000 for people aged ≥60 years). 
The vast majority of osteosarcomas arise in the 
long bones of the extremities, especially in the 
distal femur (30 %), proximal tibia (15 %), and 
proximal humerus (15 %), i.e., the sites of the 
most proliferative growth plates. In long bones, 
the metaphysis is the predilection site with 90 %. 
In adolescents, up to 70 % of tumors are located 
around the knee. Tumors of the axial or craniofa-
cial skeleton are primarily observed in adults.

Fig. 12.8 Fibromatosis. Fascicles of bland spindle 
cells separated by collagen
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Fig. 12.9 Desmoid-type fibromatosis of the left axilla, 
affecting the subscapularis, the anterior serratus, and the 
supraspinatus muscle in a 70-year-old woman. Target vol-
ume delineation for definitive radiotherapy visualized (a) on 
an axial T2-weighted image showing an ill-defined mass of 
low signal intensity and (b) elevated signal intensity on a 
contrast- enhanced T1-weighted image with fat suppression. 
Note typical MR morphology with band-like areas of low 
signal intensity on T2-weighted as well as contrast-enhanced 
T1-weighted image. (c) Planning CT: GTV – yellow, includ-
ing all visible extensions along the involved muscles and 
ventral capsule of the shoulder joint. PTVSIB, orange (GTV 
plus 1 cm margin, excluding lung tissue) to a total dose of 
60 Gy in 30 fractions of 2 Gy, and PTVlarge, red (GTV plus 
2.5 cm margin, but not beyond 0.5 cm into lung tissue and 

0.8 cm into humerus or air. (d) Axial and (e) coronal view of 
dose distribution (tomotherapy planning). (f) Dose volume 
histograms for target volumes and OARs (right to left): 
GTV, yellow; PTVSIB, orange, dose to 95 % of this volume 
(D95%) 58.4 Gy; PTVlarge, red (including the SIB-volume); 
PTVlarge-in- skin, dark red (subvolume of PTVlarge inter-
secting with a 0.3 cm interior wall of the body); PTVlarge-in-air, 
violet (subvolume of PTVlarge outside the body); humerus, 
green; left lung, dark blue (volume receiving 20 Gy or more 
(V20Gy) 30 %, V30Gy 12.6 %, mean dose (Dmean) 16.5 Gy); sub-
volume of left lung used for lung-sparing optimization, 
beige; whole lung, light blue (Dmean 10.5 Gy); esophagus, 
violet; and right lung, light pink. During the following year, 
repetitive MR imaging revealed slow but steady reduction of 
tumor size and contrast enhancement

For primary osteosarcomas, i.e., in cases of 
normal underlying bone, different genetic syn-
dromes such as Li-Fraumeni, hereditary retino-
blastoma, and others are predisposing conditions. 
Secondary osteosarcoma can occur after previous 
radiotherapy (2.7–5.5 % of all osteosarcomas are 
radiation induced), after transformation in Paget’s 
disease of the bone, or rarely in the context of 
bone infarction or benign tumors (fibrous dyspla-
sia), all typically affecting older patients.

Histopathologically, most high-grade osteo-
sarcomas are conventional osteosarcomas, sub-
classified according to the predominant matrix 
into osteoblastic OS (76–80 %), chondroblastic 
OS (10–13 %), fibroblastic OS (10 %), or other 

rare histological subtypes. Less common are tel-
angiectatic OS (<4 % of all osteosarcoma), small 
cell OS (1.5 %), or high-grade surface OS (<1 %). 
Conventional osteosarcoma has a broad morpho-
logic spectrum and grows permeatively, replac-
ing the marrow space, eroding preexisting 
trabeculae, and expanding haversian systems. An 
essential component for the diagnosis of OS is 
the presence of neoplastic bone or unmineralized 
matrix (osteoid). In osteoblastic OS, the principal 
matrix is neoplastic bone with variation between 
thin trabeculae to compact bone (see Fig. 12.10). 
In chondroblastic OS, the neoplastic cartilage is 
usually hyaline, but may be myxoid (e.g., in 
tumors of the jaw). The cartilage may be the 
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dominating component over neoplastic bone. In 
fibroblastic OS, the tumor cells are often spindled 
with severe atypia and associated with extracel-
lular collagen. Conventional OS typically arises 
in the medullary cavity of the metaphysis with 
ultimate destruction of the cortex,  circumferential 
extraosseous soft tissue formation, and displace-
ment of the periosteum (Fletcher et al 2013).

12.5.2  Imaging in Osteosarcoma

On conventional radiographs, osteosarcoma typi-
cally shows a geographic growth pattern of moth- 
eaten or permeative bone destruction. Mineralized 
tumor matrix can produce “cloud-like” or “ivory- 
like” areas of increased radiodensity which occurs 
in combination with lytic portions. Exclusively 
blastic or lytic lesions are rare. The tumor usually 

destroys the bony cortex and causes an interrupted 
or complex periosteal reaction in 90 % of the 
cases. Osteoblastic osteosarcomas can be associ-
ated with radiating spicules of periosteal bone for-
mation giving the lesion a “sunburst” appearance.

CT can visualize the destruction of cancellous 
and cortical bone, bone sclerosis, matrix mineral-
izations, and the extraosseous tumor component 
(see Fig. 12.11a). Its ability to define the exact 
intraosseous extent of the lesion is however 
limited.

MRI represents the most advantageous imag-
ing modality for local staging. The intraosseous 
tumor extent is best visualized on T1-weighted 
pulse sequences orientated along the long axis 
and covering the entire affected bone. Tumor tis-
sue causes complete bone marrow replacement 
with a signal intensity that is at least as low as 
that of normal muscle tissue. Intraosseous tumor 
can thus be distinguished from reactive edema 
which might obscure the tumor margins on 
T2-weighted or contrast-enhanced images.

The extraosseous tumor component is usually 
best displayed on short-axis T2-weighted or 
contrast- enhanced T1-weighted sequences. 
Osteosarcomas can show various signal intensi-
ties on T1- as well as T2-weighted images depen-
dent on their histologic composition/subtype. On 
T2-weighted images, areas of low signal inten-
sity are more likely to represent osteoblastic or 
fibroblastic components (see Fig. 12.11b), 
whereas areas of high signal intensity might cor-
respond to chondroblastic or telangiectatic ele-
ments. Paraneoplastic edema is of high signal 
intensity on T2-weighted and STIR sequences. 
With a high level of confidence, MRI allows for 
the diagnosis of tumor involvement of the epiph-
ysis or the adjacent joint as well as neurovascular 
encasement. The tumor may be highly vascular-
ized with an erratic pattern of neoplastic vessels 
(Freyschmidt et al. 2010).

12.5.3  Target Volume Delineation in 
Osteosarcoma

Osteosarcoma of low-grade (central OS, paros-
teal OS) and of intermediate-grade malignancy 

a

b

Fig. 12.10 Osteoblastic osteosarcoma, high grade, G3. 
Trabeculae of immature bone (“osteoid”) are produced by 
anaplastic tumor cells. (a) H&E and (b) van Gieson stains
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(periosteal/chondroblastic OS) has a good prog-
nosis with overall survival rates of 85–90 % after 
surgical resection alone with wide margins. In 
high-grade osteosarcomas, the combination of 
chemotherapy (active substances: doxorubicin, 
cisplatin, high-dose methotrexate, ifosfamide) 
and surgery leads to a disease-free survival rate 
of >60 %, whereas surgery alone is associated 
with a DFS of only 10–20 %.

Generally, patients should be treated in pro-
spective trials. Even in metastatic osteosarcoma, 
30 % long-term survival can be achieved if 
treated as aggressively as primary tumors. If  
(secondary) resection of all metastatic sites is 
possible, a long-term survival of 40 % is possible. 
In case of recurrence, long-term survival drops 
below 20 %. Substances like ifosfamide, etopo-
side, and carboplatin are under discussion for 
second-line chemotherapy, but there is a consen-
sus that again local therapy (attempt of complete 
removal of all tumor manifestations) is of utmost 
importance for cure.

Currently, the indication for radiotherapy is 
reserved for individual cases of marginal or 
incomplete tumor resection or definitive treatment 
of irresectable tumors. Adjuvant/additive radio-
therapy may be applied preoperatively in order to 
increase the chance of resectability or postopera-
tively in order to improve local control in case of 
close or positive resection margins. An example is 
given in Fig. 12.11. Classifying a lesion as unre-
sectable should include a central assessment from 
a reference surgeon before planning definitive 
radiotherapy. This may apply to primary tumors 
as well as to metastatic lesions or recurrences.

Within the COSS (Cooperative Osteosarcoma 
Study Group) protocol, total doses of 54–60 Gy 
are recommended for preoperative radiotherapy 
and at least 60 Gy, or better ≥70 Gy, for postop-
erative and definitive radiotherapy. Because of 
the high doses necessary to control the tumor, 
advanced techniques like IMRT/IGRT and other 
high-precision techniques are helpful to spare 
dose to organs at risk and to increase the chance 
of uncomplicated cure. If feasible, patients 
should be included into studies elucidating the 
role of hadron therapy like protons or carbon 
ions, namely, for osteosarcoma of axial site.

Preliminary experience with helium and/or 
neon ions in 17 patients with bone sarcomas of 
the axial site was reported from Berkeley. Fifteen 
patients presented with gross tumor; six were 
treated for recurrent tumors. MRT was integrated 
into the planning process as soon as available. 
After total dose of 52–76 Gy (relative biological 
effectiveness (RBE)), mean 64 Gy (RBE), with 
variation in dose per fraction from 2.0 to 3.0 Gy 
(RBE), the local control rate after 5 years was 
48 % for all 17 patients and 53 % for 13 patients 
with osteosarcoma. The 5-year overall survival 
rate was 41 % (Uhl et al. 1992).

In a series of 41 osteosarcoma patients treated 
with additive or definitive radiotherapy at the 
MGH in Boston between 1980 and 2002, 23 had 
parts of their total dose delivered with protons 
(10–80 Gy (RBE), median 66 Gy (RBE)) for 
critical tumor sites like the skull base, paranasal, 
sinuses, and spine. The local control rate accord-
ing to the extent of resection was 78 % for gross 
total or subtotal resection and 40 % for biopsy 
only, respectively. The corresponding overall sur-
vival rate was 74 and 25 %, respectively. Patients 
with spinal, pelvic, recurrent extremity, and trunk 
lesions were treated with 20 Gy preoperatively 
followed by completion of RT postoperatively. 
For target volume definition, the CTVlarge encom-
passed the tumor plus 2 cm margins. The surgical 
scars were included in the postoperative RT if no 
preoperative radiotherapy was applied and the 
resulting field was not impracticably large. The 
CTVboost would include the tumor plus a 1 cm 
margin, which was tightened for sparing critical 
organs at risk like the spinal cord, brain, and optic 
structures. In case of R0 resection, 55–60 Gy was 
administered, 60–68 Gy for R1 resections, and 
≥68 Gy for gross disease (DeLaney et al. 2005).

Schwarz et al. evaluated the role of radiother-
apy in osteosarcoma from the experience in 100 
patients included in the COSS registry between 
1980 and 2007. The calculated local control rates 
were 40 % in 66 primary tumors and 17 % in 11 
local recurrences, whereas none of the 23 cases 
of metastatic disease could ultimately be con-
trolled. Local control rates for combined surgery 
and RT were significantly better than those for 
RT alone (48 % versus 22 %). Overall survival 
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Fig. 12.11 Osseous metastasis of a high-grade osteosar-
coma affecting the 4th thoracic vertebra in a 19-year-old 
woman, 3 years after multimodal curative treatment of the 
primary in the left distal femur. (a) Pretreatment diagnostic 
CT: eburnation of the vertebral body and spiculated perios-
tal reaction, large extraosseous paravertebral tumor compo-
nent. (b) T2-weighted MR image displaying an 
inhomogeneous tumor mass of low signal intensity, con-
tacting anteriorly the esophagus, aorta, and origin of left 
subclavian artery, bilaterally the pleura and protruding into 
the spinal canal. In order to release beginning paraplegia, 
sensory deficits, and pain, gross tumor resection was per-
formed, proving tumor infiltration of the mediastinum, 
bilateral pleura, and vertebral ligaments extending just to 
involve level Th3 and Th5 (R1 resection). The resected ver-
tebral body was reconstructed with a titanium cage, and the 
spine surgically stabilized from Th2 to Th6. Second-line 
chemotherapy (carboplatin, etoposide) was initiated and 
additive radiation therapy planned to be given simultane-
ously to the 3rd and 4th cycle. (c) Planning CT displaying 
the postoperative situation with artifacts due to stabilization 
material. For contouring and planning, an MV-CT was 

 registered as well as (d) a myelo-CT for exact delineation 
of the spinal cord – green. Target volume delineation was 
based on the GTVcontact/postop, yellow (tissue contacting the 
initial tumor, the resection cavity and surgically manipu-
lated tissue), rather than on the GTVinitial, blue (tumor mass 
at diagnosis). PTVSIB, orange (GTVcontact/postop plus 1 cm 
margin, restricted to 0.5 cm into lung and mediastinal tis-
sues and to a distance of 0.6 cm to the spinal cord) with a 
prescribed total dose of 60 Gy in 30 fractions of 2 Gy, and 
PTVlarge, red (GTVcontact/postop plus a 2 cm margin, restricted 
to 1 cm into lung and mediastinal tissues and to a distance 
of 0.6 cm to the spinal cord) with a prescribed total dose of 
54 Gy in fractions of 1.8 Gy. (e) Sagittal view of the dose 
distribution (tomotherapy planning). At the level of tumor 
initially contacting the spinal cord (lower part of Th3 to 
upper part of Th5), a total dose of 45 Gy (orange) is pre-
scribed, with maximal myelon sparing above and below. (f) 
Dose volume histograms: PTVSIB60Gy, yellow; PTVlarge54Gy, 
red; spinal cord at high risk (Th3-5), orange; spinal cord 
beyond high-risk level, green; and whole lung, blue. The 
maximal dose at a distance of 0.3 cm to the spinal cord was 
50.2 Gy and at a distance of 0.6 cm 58.0 Gy, respectively

B. Röper et al.



241

rates were 55 % for RT of the primary, 15 % for 
recurrences, and 0 % for metastatic disease, 
respectively (Schwarz et al. 2009).

A series of 78 patients with inoperable osteo-
sarcoma of the trunk treated with definitive car-
bon ion radiotherapy (CIRT) between 1996 and 
2009 was reported from Chiba Cancer Center, 
Japan. The tumor site was the pelvis in 61 
patients, paraspinal in 15, and others in 2. After a 
median total dose of 70.4 Gy (RBE) (dose escala-
tion phase I/II study with 52.8–73.6 Gy (RBE), 
fixed dose of 70.4 Gy (RBE) after April 2000) 
delivered in 16 fractions over 4 weeks, the 5-year 
local control rate was 62 % with an overall sur-
vival rate of 46 %.

The CTV encompassed the gross tumor vol-
ume and all tissues displaying contrast enhance-
ment in CT or MR imaging. The area that was 
considered subclinical disease was added to the 
CTV as well. The median maximum tumor size 
was 10 cm (range 2–18 cm) and the median 
reported CTV 510 cm3 (range 60–2,299 cm3) 
(Matsunobu et al. 2012).

In 2010, a trial with 45 Gy (RBE) of protons 
to a PTVlarge and a 15–21 Gy (RBE) carbon ion 
boost for non-resectable osteosarcoma was 
designed at the university of Heidelberg, 
Germany (NCT01005043). The local therapy as 
defined by the study should be embedded in cur-
rent chemotherapy concepts. Within the protocol, 
the GTV is delineated according to MRI/CT-scan/
PET-CT. The CTV contains the visible GTV plus 
the subclinical microscopic malignant disease, 
guided by the initial (pre-chemotherapy) tumor 
extension. In axial tumors, expansion of the GTV 
aims for a clinical safety margin of 2 cm. For 
extremity sarcomas, a margin of 4–5 cm around 
the GTV is preferred. The PTV is delineated in 
collaboration with the radiation physicist taking 
into account organ and patient movement and 
inaccuracies in beam and patient setup (Blattmann 
et al. 2010).

Given the rarity of the disease and the indica-
tion for RT, it is generally advised to discuss each 
case individually with the reference radiation 
oncologist from ongoing studies.

12.6  Ewing Sarcoma

12.6.1  Anatomy and Histopathology

Ewing sarcoma is relatively rare, accounting for 
6–8 % of primary malignant bone tumors. 
However, it is the second most common osseous 
malignancy in children and young adults. Nearly 
80 % of patients are younger than 20 years, the 
peak incidence is during the second decade of 
life, with a slight male predominance of 1.4:1 
(M:F). The annual incidence is estimated at 
0.06–0.1/100,000.

The most prevalent sites are – in descending 
order – the diaphysis or metaphyseal-diaphyseal 
portion of long bones (femur, tibia, humerus), the 
pelvis and ribs, and other bones such as the skull, 
vertebra, scapula, etc. About 10–20 % of cases 
are extraskeletal. At diagnosis, metastases are 
found in approximately 25 % of patients. Typical 
metastatic sites are the lung and bones and, less 
frequently, the lymph nodes.

Ewing sarcoma is a tumor thought to arise 
from mesenchymal stem cells. It consists of 
small, blue, round primitive-appearing tumor 
cells displaying varying degrees of neuroectoder-
mal differentiation. Recurrent balanced translo-
cations involving the EWSR1 gene on 
chromosome 22 and a member of the ETS family 
coding transcription factors are characteristic for 
Ewing sarcoma. In approximately 85 % of Ewing 
sarcoma, the EWSR1 fusion partner is FLI1, gen-
erating the hybrid EWSR1-FLI1 oncoprotein 
which is responsible for transcriptional gene dys-
regulations. Numerous other chromosomal rear-
rangements are found in Ewing sarcoma 
involving the EWSR1 or related genes.

“Classical Ewing sarcoma” is composed of 
uniformly small, round cells with round nuclei 
containing fine chromatin, often with cytoplas-
matic glycogen deposits and indistinct cytoplas-
matic membranes (see Fig. 12.12). In “atypical 
Ewing sarcoma” cells are larger and have promi-
nent nuclei and irregular contours. Tumors with 
higher degree of neuroectodermal differentiation 
(e.g., forming pseudorosettes) may be termed 
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Fig. 12.12 Ewing sarcoma of the right femur in an 
11-year-old boy. (a) Coronal contrast-enhanced 
T1-weighted MR image shows the intraosseus and 
extraosseous tumor component and the extension 

beyond the epiphyseal plate. (b) Conventional radio-
graph displaying the periostal reaction. (c) Histology 
shows small round cells with uniform nuclei containing 
fine chromatin
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“peripheral neuroectodermal tumor (PNET).” 
The emerging group of “Ewing-like sarcoma” is 
more heterogeneous in morphology and molecu-
lar findings, but up to now, classified and treated 
like other Ewing sarcomas. “Askin tumor” is a 
synonym for Ewing sarcoma of the chest wall.

Ewing sarcoma of the bone typically arises 
in the medullary shaft with destruction of the 
cortex and varying degree of extraosseous soft 
tissue extension. Ewing sarcoma primarily 
arising in soft tissue may be associated with a 
large peripheral nerve. Generally, the tumor 
has destructive borders with invasive margins, 
often showing necrotic or hemorrhagic regions, 
e.g., intramedullary or subperiosteal (De Alava 
et al. 2013).

12.6.2  Imaging in Ewing Sarcoma

Imaging findings in Ewing sarcoma can be unspe-
cific and may mimic other conditions, such as 
osteomyelitis, Langerhans cell histiocytosis, 
osteosarcoma, and metastatic neuroblastoma. 
Conventional radiographs usually show perme-
ative and/or moth-eaten osteolytic changes which 
commonly lack a geographic component. In 
approximately two thirds of cases, lytic changes 
are predominant, whereas in the remaining cases 
(reactive), osteosclerosis may be visible or even 
predominant, in particular if flat bones are 
affected. The bone changes are typically associ-
ated with an interrupted or complex periosteal 
reaction, most often of the lamellated (“onion 
skin”) or spiculated subtypes. In cases with exten-
sive cortical destruction, pathological fracture 
may occur (16 % at time of diagnosis). An 
extraosseous tumor component is usually large 
and clinically apparent as a mass. The full extent 
of the lesion is visualized on cross-sectional 
imaging.

In lytic and sclerotic bone destruction, perios-
teal changes and soft tissue extension can be dis-
played in more detail with CT. The extent of 
medullary involvement and the soft tissue com-
ponent are however best demonstrated by MRI 
(see Fig. 12.12a). The T1- and T2-weighted sig-
nal intensities of Ewing sarcomas are usually 

unspecific. The main portion of the tumor is 
mostly solid and demonstrates avid contrast 
enhancement. Peritumoral edema is usually cir-
cumscribed and appears bright on T2-weighted 
and STIR sequences.

A whole-body MRI with the use of T1-weighted 
and STIR sequences can be performed to exclude 
or identify skeletal metastases, which is highly 
relevant for therapy planning (see Fig. 12.14b, c). 
MRI represents the most reliable imaging tech-
nique to quantify therapy-induced changes of 
tumor volume (see Fig. 12.13a, b and Fig. 12.14j, 
k). A volume reduction of less than 25 % is 
regarded as predictive of poor histological 
response. On FDG-PET, a reduction of an initially 
raised SUV (standardized uptake value) to a post-
chemotherapeutic maximum value of <2 was 
found to be correlated with a good histological 
response and a favorable prognosis (Freyschmidt 
et al. 2010).

12.6.3  Target Volume Delineation in 
Ewing Sarcoma

Treatment of Ewing sarcoma patients worldwide is 
organized in cooperative trials (such as POG- CCG 
(Intergroup, United States), REN-3 (Italy), EW-88 
(France), SSG IX (Scandinavia), ET-2 (United 
Kingdom, MRC), EURO-EWING99 (European 
Intergroup), and EWING2008 (European and 
North American Cooperative Groups)), aiming to 
further improve treatment outcome. Cure can only 
be achieved with a combination of both systemic 
and local control. Current treatment schedules 
favor primary induction chemotherapy, followed 
by local therapy and adjuvant chemotherapy 
(Bernstein et al. 2006). Usually, neoadjuvant che-
motherapy is initiated as soon as the diagnosis is 
confirmed by biopsy and staging procedures are 
completed, utilizing a combination of active sub-
stances such as adriamycin, vincristine, actinomy-
cin D, etoposide, ifosfamide, or cyclophosphamide. 
Meanwhile, the appropriate local therapy approach 
should be scheduled according to the discussion 
within the interdisciplinary medical team caring for 
the patient and to the vote of the study reference 
center. Surgical treatment is the preferred option 
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for the primary tumor if it is feasible without caus-
ing major functional deficits, as retrospective data 
has shown favorable local control rates in patients 
in whom surgery is possible. These data are usually 
confounded by a selection bias favoring resectable 
tumors. To date, there is no randomized data com-
paring local therapy modalities. Indication for 
radiotherapy and dosage is tailored to the patient’s 
individual risk profile and may result in preopera-
tive, postoperative, or definitive radiotherapy. 
Definitive radiation treatment is indicated if only 
an intralesional resection is possible, as debulking 
procedures do not improve local control (Bernstein 
et al. 2006).

Target volume definition has to consider the 
pretherapeutic MRI displaying the initial tumor 
extent as well as the restaging MRI displaying the 
current tumor extent at the time of radiation treat-
ment planning. Neoadjuvant chemotherapy may 
have led to a substantial shrinkage of extraosseous 
tumor volume, whereas a relevant difference in 
intraosseous tumor extent cannot be expected. 
Definition of the PTVlarge is based on the prethera-
peutic gross tumor volume (GTVinitial) except for 
subvolumes initially bulging into preformed cavi-
ties like the chest or the pelvis that have shown a 
regression under neoadjuvant chemotherapy. 
Within these cavities, the GTV is confined to the 
current tumor contour. Thus, the initial “contact 
zones” of the tumor are taken for the GTVcontact and 
– according to the protocol in use – a margin of 
1 cm is applied for generation of the CTVlarge with 
an additional institutional setup margin to produce 
the PTVlarge, or a general margin of 2 cm is applied 
around the GTVlarge to derive the PTVlarge, respec-
tively. Treatment of the whole tumor-bearing com-
partment showed no better results than treating the 
visible tumor and additional safety margins 
(Donaldson et al. 1998). For preoperative or defin-
itive radiotherapy, the CTVlarge/PTVlarge also 
includes the biopsy site and for postoperative 
radiotherapy additionally, the whole cavity of 
tumor resection with all scars and drainage sites. 
The PTVlarge is usually treated to a total dose of 
45–50.4 Gy in conventional fractionation.

According to the individual constellation of risk 
factors, higher total doses may be indicated, e.g., 
54 Gy in preoperative radiotherapy or 54–60 Gy in 

definitive radiotherapy or selected cases of postop-
erative radiotherapy with poor response to induc-
tion chemotherapy and/or marginal/intralesional 
resection. Target definition for the boost dose above 
45–50 Gy considers only the gross disease after 
induction chemotherapy (GTVpostCTx) plus a margin 
of 1 or 2 cm for definition of the CTVboost or PTVboost, 
respectively. For application of total doses above 
54 Gy, a further reduction of margins is allowed 
(shrinking field technique). Translated into a SIB 
concept, total doses of 45, 54, and 60 Gy in a single-
treatment plan of 30 fractions can be applied with 
fraction sizes of 1.5, 1.8, and 2.0 Gy for the PTVlarge, 
PTVboost1, and PTVboost2, respectively. An example is 
given in Fig. 12.13 for definitive treatment of an 
irresectable pelvic Ewing sarcoma. For the 45 Gy 
volume, this might raise concerns about the effec-
tivity of small daily fractions. Alternatively, single 
doses below 1.8 Gy can be avoided with the help of 
two consecutive plans, containing 25 fractions of 
1.8 Gy to PTVlarge and of 2.0 Gy to PTVboost2 in the 
first plan, to be followed by 5 fractions of 1.8 Gy to 
PTVboost1 and 2.0 Gy to PTVboost2 in the second plan.

In a combined analysis of all 1058 patients 
treated within the trials CESS 81, CESS 86, and 
EICESS 92 for localized Ewing tumors, the rate of 
local failure was 7.5 % after surgery with and with-
out postoperative radiotherapy, 5.3 % after preop-
erative, and 26.3 % after definitive radiotherapy. 
Irradiated patients represented a negatively selected 
population with unfavorable tumor sites (70.7 % 
axial). In CESS 81, the whole tumor-bearing com-
partment was irradiated to a dose of 36 Gy. For 
definitive RT, the PTVboost included the initial tumor 
with a 5 cm margin. In CESS 86 and EICESS 92, 
the PTVlarge consisted of the pretherapeutic tumor 
size plus a 5 cm margin to a dose of 44 Gy and the 
PTVboost of the pretherapeutic tumor size plus a 
2 cm margin. Generally, the authors advise for 
resection, if marginal or wide resection is feasible. 
Risk factors like poor histological response to che-
motherapy and marginal or intralesional resection 
should prompt postoperative radiotherapy. As 
results for definitive radiotherapy were comparable 
to those achieved by intralesional resection plus 
postoperative radiotherapy, debulking procedures 
should be avoided and RT given instead, possibly 
followed by tumor resection (Schuck et al. 2003).
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12.6.3.1  Extremities
In Ewing tumors of the extremities, the PTVlarge 
usually includes the tumor volume with a 5 cm 

margin in proximodistal directions (Bacci et al. 
2009). In case of extensive intramedullary 
involvement or evidence of intramedullary skip 
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Fig. 12.13 PNET/Ewing sarcoma (cT2 cN0 cM0 G4) of 
the right pelvis in a 30-year-old man. (a) Pretherapeutic 
axial contrast-enhanced T1-weighted MR image with fat 
suppression. The tumor involves the acetabulum and 
sacral bone including the lumbosacral plexus on the right 
side and extends through the greater sciatic foramen into 
the gluteal muscles. The pelvic organs are grossly dis-
placed. (b) Good partial remission after 6 cycles of che-
motherapy according to EWING 2008 protocol (VIDE), 
residual tumor centered in the greater sciatic foramen, and 
pelvic organs less displaced as visualized on contrast-
enhanced T1-weighted image with fat suppression. (c) 
Planning CT for definitive radiotherapy (d) and axial 
T2-weighted MR image registered for target volume 
delineation: GTVcontact, yellow (including all surfaces ini-
tially contacted by the tumor and the parts of the muscles 

initially involved); PTVSIB2, light orange (GTV plus 1 cm 
margin, 1,489 cm3) to a total dose of 60 Gy in 30 fractions 
of 2 Gy; PTVSIB1, orange (GTV plus 2 cm margin, manu-
ally shortened in the direction of pelvic organs, 2,623 cm3) 
to a total dose of 54 Gy in fractions of 1.8 Gy; and PTVlarge, 
red (including the sacral bone to the contralateral sciatic 
foramen and greater portions of the gluteus maximus 
muscle, 3,916 cm3) to a total dose of 45 Gy in fractions of 
1.5 Gy. (e) Axial view of the dose distribution (tomother-
apy planning). (f) Dose volume histograms for target vol-
umes (GTV, PTVSIB2, PTVSIB1, PTVlarge, see above for 
colors) and organs at risk: rectum, green; sigmoid colon, 
light blue; urinary bladder, yellow; intestine, light green; 
and genitals, blue. Reevaluation with PET-CT and MR 
imaging after radiotherapy resulted in complete 
remission
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Fig. 12.14 Ewing sarcoma cT2 cN0 cM1 (PUL, OSS, 
LYM) G4 in a 17-year-old boy. The primary tumor arises 
from the proximal fibula. Multiple metastases are found in 
the lungs, the pleura, the spine (Th8, Th11, L5, S1, S2), and 
the pelvic bones (close to the sacroiliac joints and in the right 
acetabulum) and suspected in an external iliac lymph node. 
Treatment was guided by the META-EICESS protocol, 
including radiation therapy to each of the initially visible 
lesions. (a) Sagittal planning CT reconstruction at midline, 
target volumes for irradiation of the lungs, blue (lung tissue 
plus visible pleura according to 4D-CT plus a margin of 
1 cm), to a total dose of 18 Gy in 12 fractions of 1.5 Gy, and 
to thoracic, red, and lumbosacral lesions, purple. (b) 
Pretherapeutic whole-body MRI detects bone metastases of 
high signal intensity on coronal STIR images and (c) low 
signal intensity on corresponding T1-weighted images, as 
exemplarily displayed for the lesions in Th8 and Th11 – yel-
low. (d) Corresponding coronal planning CT reconstruction 
after 4 cycles of chemotherapy (VIDE): hypodense lesions 
with peripheral sclerotic rims, indicating recalcification as a 
response to chemotherapy. PTVSIB – orange (GTV plus 1 cm 
margin, reduced to 0.5 cm after completion of whole-lung 
irradiation) to a total dose of 50 Gy in 25 fractions of 2.0 Gy 
and PTVlarge (affected vertebra plus 1 cm margin) to a total 
dose of 45 Gy in fractions of 1.8 Gy. The thoracic irradiation 
was delivered in two consecutive plans of 12 and 13 frac-
tions, including the whole-lung irradiation in the first plan 
only, which was delivered in 10.8 min per fraction. (e) 
Coronal reconstruction of thoracoabdominal planning CT. 
The pelvic target volumes, purple, were treated with  
a separate plan, delivered in 5.5 min per fraction.  
Second row: Target volume delineation for the primary tumor 
on contrast- enhanced T1-weighted MR images with fat sup-

pression. (f) Sagittal and (g) coronal MR images display a 
tumor arising from the right proximal fibula with soft tissue 
edema extending along the whole length of the calf. (h) 
Coronal image obtained after 4 cycles of chemotherapy 
(VIDE) displays shrinkage of the main tumor mass, reduc-
tion of contrast enhancement, and regression of soft tissue 
edema. (i) Coronal planning CT reconstruction: GTV, yellow 
(the residual tumor, all initial contact tissues and the edema 
remaining after chemotherapy); PTVSIB60Gy, orange (GTV 
plus 0.5 cm axial and 1.0 cm longitudinal margin) to a total 
dose of 60 Gy in 30 fractions of 2.0 Gy; and PTVlarge, red 
(GTV plus 1 cm axial and 2 cm longitudinal margin, includ-
ing the whole initial edema with a 0.5 cm margin) to a total 
dose of 54 Gy in fractions of 1.8 Gy. (j) Corresponding axial 
MR images obtained before and (k) after application of 4 
cycles of chemotherapy. The GTV – yellow – considers the 
initial tumor extensions transferred to the postchemothera-
peutic anatomy. Irradiation time for a single fraction was 
5.5 min. All target volumes were treated simultaneously with 
the 5th and 6th cycle of chemotherapy (omission of doxoru-
bicin and general dose reduction to 75 %) in a split-course 
manner with a planned break after the first 14 (of maximal 
30) fractions. The total amount of red bone marrow included 
in radiation treatment fields was estimated to be 40 %. 
Further treatment consisted of repeated high-dose chemo-
therapy, autologous stem cell rescue, and later also allogeneic 
haploidentical stem cell transplantation. The patient suffered 
from severe fungal pneumonia during the phase of aplasia 
after the first high-dose chemotherapy but recovered and 
remained in complete remission. Apart from a mild Graft-
versus-host disease and a palsy of the right fibular nerve 
caused by the tumor, the patient is asymptomatic (last follow-
up 2 years after diagnosis)

lesions, whole-bone irradiation might be ade-
quate. Uninvolved epiphyseal plates should be 
spared, if possible.

12.6.3.2  Vertebral Column
In tumors of the vertebral column, the PTVlarge 
usually includes one unaffected vertebra above 
and below the affected bone. In a dose escalation 
study on one patient with the scenario “tumor 
restricted to a single vertebral body,” the possibil-
ity of applying up to 70 Gy to the PTVboost while 
keeping the D2% of the spinal cord below 50 Gy 
was shown for advanced techniques like stereo-
tactic radiotherapy, VMAT, helical tomotherapy, 
and proton therapy. For the scenario “involve-
ment of the vertebral foramen and paraspinal tis-
sues,” helical tomotherapy was the only technique 
enabling a total dose of 59.2 Gy to the PTVboost 

while keeping the D2% of the spinal cord below 
44 Gy (Vogin et al. 2013a).

In a French cohort of 75 patients with local-
ized spinal Ewing tumors treated between 1988 
and 2009 within successive protocols, the only 
prognostic factor for local control was the tumor 
site (favorable versus unfavorable vertebral com-
partment). Overall local control at 5 years was 
78 % without significant differences between a 
surgical and a definitive radiooncological 
approach. Twelve of 13 patients suffering from 
long-term neurological sequelae had initially pre-
sented with central neurological deficits and had 
decompressive surgery. The authors concluded 
that initial decompressive surgery should be 
avoided and rather an effective chemotherapy ini-
tiated immediately. Seventy-three percent of 
patients were affected by orthopedic problems, 
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mainly spinal mobility reduction (40 %), spinal 
curvature deformation (35 %), growth retardation 
(28 %), and spinal pain (25 %). Vertebrae affected 
asymmetrically by radiation therapy showed 
anterior or lateral wedging of the vertebral body, 
leading to subsequent kyphosis and/or scoliosis. 
Fibrosis and contracture of the irradiated soft tis-
sue may have accelerated the progression of the 
deformity, namely, in adolescence. Thus, sym-
metrical irradiation of vertebrae is strongly rec-
ommended (Vogin et al. 2013b).

In a series of 27 patients treated at the 
University of Florida between 1965 and 2007 
with radiotherapy for spinal and paraspinal Ewing 
tumors (21 definitive, 1 preoperative, 4 postopera-
tive, 1 total body irradiation only), the PTVlarge 
generally encompassed the whole affected verte-
bra plus one grossly uninvolved vertebra superior 

and inferior to the tumor. For paraspinal soft tis-
sue involvement, the pretherapeutic infiltrating 
borders were surrounded by a 2–4 cm margin, if 
applicable. Every effort was made to avoid partial 
vertebral irradiation and to minimize the dose to 
the spinal cord and lungs (three-dimensional con-
formal planning introduced in 1994). Target doses 
of 45–50 Gy for microscopic disease and 
55–60 Gy for gross disease were reported without 
further details for the definition of boost volumes. 
Ten patients received also total body irradiation 
(TBI), adding 8–12 Gy to the primary site. The 
5-year actuarial local control rate was 84 % after 
definitive radiotherapy and 100 % after combined 
treatment. The 5-year overall survival was 62 % 
for the whole group and 71 % for 22 nonmeta-
static patients. Three out of ten severe complica-
tions (according to Common Terminology Criteria 
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for Adverse Events grade III or greater) were 
attributable to radiotherapy, including esophageal 
stricture, intractable nausea, and bladder hyper-
trophy causing bilateral hydronephrosis 
(Indelicato et al. 2010).

Of 116 patients with vertebral Ewing tumors 
enrolled in the European cooperative studies 
CESS 81, CESS 86, or EICESS 92 between 1981 
and 1999, 64.6 % received definitive radiotherapy, 
3.4 % definitive surgery, and 27.5 % combined 
treatment. Target volumes shrinked with succes-
sive protocols: in CESS 81, the PTVlarge (36 Gy) 
encompassed the tumor-bearing compartment and 
the PTVboost (46–60 Gy) the initial tumor extent 
plus a 5 cm margin. In CESS 86, the PTVlarge 
(44 Gy) consisted of the initial tumor extent plus 
5 cm and the PTVboost (60 Gy) of the pretherapeu-
tic tumor plus 2 cm. In EICESS 92, the PTV 
included one uninvolved vertebra above and 
below the affected vertebra and the pretherapeutic 
soft tissue component of the tumor with a 2–3 cm 
margin (44–54 Gy). There was no statistical dif-
ference in the incidence of local recurrences for 
patients receiving definitive radiotherapy or com-
bined treatment (22.6 % versus 18.7 %) (Schuck 
et al. 2005). This did not differ from the results of 
definitive radiotherapy for other tumor sites, as 
analysis of 266 CESS and EICESS patients with 
definitive radiotherapy for all sites showed 26 % 
local recurrences (Schuck et al. 2003). Local 
relapse analysis was available in 14 of 23 irradi-
ated patients with local or combined local and 
systemic recurrence. Of these, 13 were classified 
as in-field; 1 was a marginal relapse. The authors 
concluded that local recurrence in nearly all cases 
is attributable to tumor cell resistance to radiation, 
rather than insufficient radiation volumes (Schuck 
et al. 2005).

The reported series of 30 pediatric Ewing sar-
coma treated in Boston with proton radiotherapy 
included 14 patients with spinal/paraspinal 
tumor sites. The CTVlarge consisted of any bony 
or soft tissue tumor and any tumor edema seen 
on pretherapeutic MRI/CT/PET scans plus a 
1–2 cm anatomically constrained margin (pre-
scribed dose 30.6–50.4 Gy (relative biological 
 effectiveness (RBE)), median 45 Gy (RBE) in 
fractions of 1.8 Gy (RBE)). The CTVboost 

included the initial bony tumor and the post-
chemotherapeutic soft tissue component with a 
1–2 cm anatomically constraint margin (pre-
scribed dose 45–55.8 Gy (RBE), median 50.4 Gy 
(RBE)). For the definition of PTVs, apart from 
the positioning uncertainties, the specific neces-
sities of passively scattered proton therapy were 
taken into account.

At a median follow-up of 38 months, the 
3-year local control rate was 86 % for all 30 
patients. Five of 14 patients with vertebral body 
primary tumors developed scoliosis/kyphosis 
(3 mild, 1 moderate, 1 severe). All patients who 
developed spine deformities had laminectomies 
before proton treatment. Secondary hematolog-
ical malignancy was an issue with 4 of 30 
patients developing an acute myelocytic leuke-
mia or a myelodysplastic syndrome (Rombi 
et al. 2012).

12.6.3.3  Pelvis
From the University of Florida, a series of 35 
patients with localized Ewing tumors of the pel-
vis and sacral bones treated between 1970 and 
2005 have been reported. Twenty-six patients 
received definitive radiotherapy, 7 patients had 
preoperative, and 2 postoperative radiotherapy, 
each to a median dose of 55 Gy. Planning target 
volumes were generally shrinking with the avail-
ability of superior imaging in the modern era. 
Fourteen patients also received TBI adding 
8–13.5 Gy to the primary site. The 15-year actu-
arial local control rate was 64 % after definitive 
radiotherapy and 100 % after combination with 
surgery. During follow-up, 27 % of patients pre-
sented with severe complications, including 
osteoradionecrosis requiring hip replacement, 
hip fractures, hemorrhagic cystitis, severe sym-
pathetic dystrophy/radiculopathy, bowel perfora-
tion, and development of 2 osteosarcomas.

In a planning study comparing three- 
dimensional conformal radiotherapy (3D-CRT) 
and intensity-modulated radiation treatment 
(IMRT) planning in a set of 8 patients with pelvic 
Ewing sarcomas, IMRT showed significantly bet-
ter results regarding dose conformity and bowel 
sparing at doses above 30 Gy, which is valuable 
for dose escalation (Mounessi et al. 2013).
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12.6.3.4  Chest Wall
In another institutional series of the University of 
Florida, 39 patients diagnosed with Ewing tumors 
of the chest wall between 1966 and 2006 were 
analyzed. In 22 patients, local treatment con-
sisted of radiotherapy alone, including eight out 
of nine patients with metastatic disease. The 
remaining 17 patients received surgery with or 
without adjuvant radiotherapy. Apart from irra-
diation to the primary site to a median biological 
effective dose of 59 Gy10 (range 33.6–84 Gy10), 
five of 39 patients received hemithorax RT to a 
dose of 10–15 Gy (in 1 Gy per fraction), 2 
patients had bilateral lung RT (15–18 Gy in 
1–1.2 Gy per fraction), and another 11 patients 
total body irradiation, adding 8–13.5 Gy to the 
primary site. The 5-year rates of local control and 
overall survival were 72 and 34 % for the whole 
group and 79 and 44 % for the nonmetastatic sub-
set, respectively. 26 % of patients experienced 
toxicity of grade III or higher (according to 
CTCAE criteria), including two pulmonary 
deaths. The authors stress the need for improved 
RT techniques in order to reduce morbidity 
(Indelicato et al. 2011).

Analyses of 138 patients with nonmetastatic 
Ewing tumors of the chest wall treated in the 
CESS 86 or EICESS 92 protocol between 1985 
and 1996 revealed the value of hemithorax irra-
diation. Forty-two patients who received hemi-
thorax irradiation to a dose of 15–20 Gy were 
negatively selected, yet the rate of event-free sur-
vival after 7 years was better (63 %) than for the 
86 patients without hemithorax irradiation 
(46 %), mainly due to a reduction of systemic 
relapse rates (22 % versus 39 %, respectively) 
(Schuck et al. 2002).

12.6.3.5  Lymph Node Metastasis
Based on SEER data on 1,452 patients below 40 
years of age, diagnosed between 1973 and 2008, 
the incidence of regional lymph node involve-
ment in the Ewing tumor family was found to be 
3.2 % in skeletal tumors and 12.4 % in extraskel-
etal primary tumors. On multivariate analysis, 
lymph node involvement was an independent 
predictor for inferior overall survival (Applebaum 
et al. 2012).

Apart from systemic treatment, all involved 
lymph node sites should be treated locally, either 
by regional lymph node dissection or by defini-
tive radiotherapy similar to the treatment of the 
primary tumor.

12.6.3.6  Distant Metastasis
Approximately 25 % of patients present with 
metastatic disease, mainly to the lung or the 
bone/bone marrow. In case of lung metastases, 
whole-lung irradiation (WLI) is recommended 
even after chemotherapy-induced clinical com-
plete remission. Retrospective analysis of the 
EICESS 92 data on 99 patients with pulmonary 
metastases revealed a trend toward better overall 
survival after 5 years with 61 % for 70 patients 
with WLI as compared to 49 % for 29 patients 
without WLI (Bolling et al. 2008).

In an institutional review of 31 patients with 
metastatic Ewing tumors, a 5-year overall sur-
vival rate of 22.1 % was found. None of the 
patients receiving chemotherapy alone survived. 
All long-term survivors had local therapy includ-
ing radiotherapy to metastatic bony sites and 
whole-lung irradiation for pulmonary metastasis 
(Paulino et al. 2013).

Analysis of 120 patients with primary dissem-
inated multifocal disease registered into the 
European Ewing Tumor Working Initiative of 
National Groups (EURO-E.W.I.N.G. 99) trial 
revealed a 3-year event-free survival of 39 % in 
patients who received local therapy to the pri-
mary site and all metastases compared with 17 % 
in patients with any local treatment and 14 % in 
patients with no local therapy. Multivariate anal-
ysis showed absence of local treatment to be the 
major risk factor (HR = 2.21). Thus, surgery or 
radiotherapy with curative doses should be 
applied to metastatic sites wherever possible 
(Haeusler et al. 2010). In a comparison of 11 
patients with multifocal bone disease depicted in 
whole-body MRI, radiation therapy to each 
tumor site and high-dose chemotherapy with 
stem cell rescue, a prolonged survival was found 
compared to a matched group of 26 patients 
treated in the European Intergroup Cooperative 
Ewing Sarcoma Study-92 (EICESS-92). Overall 
survival at 5 and 10 years was 45 and 27 % for 
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patients with intensified local and systemic treat-
ment, compared to 8 and 8 % for those without 
(Burdach et al. 2010).

In primary disseminated multifocal Ewing 
tumors, we treat all localized metastatic sites 
(GTV) that show tracer uptake in bone scintigra-
phy or PET imaging or localized hypointense sig-
nals on T1-weighted images and hyperintense 
signals in T2-weighted inversion recovery images 
of a whole-body MRI. An example is given in 
Fig. 12.14. In our practice, the CTVlarge encom-
passes the GTV plus a 0.5 cm margin, in case of 
spinal metastasis including the whole affected 
vertebral body, in case of long bones including 
the whole cross section at the affected level, 
respectively. The PTVlarge encompasses the 
CTVlarge plus a 0.5 cm margin and is treated to a 
total dose of 45 Gy in single fractions of 1.8 Gy 
with IMRT and daily image guidance. A simulta-
neous integrated boost (SIB) is applied to the 
GTV plus a 0.5 cm margin accounting for posi-
tioning uncertainties to a total dose of 50 Gy in 
single fractions of 2.0 Gy.

12.7  Chondrosarcoma

12.7.1  Anatomy and Histopathology

Chondrosarcomas are defined as neoplasms pro-
ducing cartilaginous matrix. In analogy to the 
reclassification of “liposarcoma grade I” into 
“atypical lipomatous tumor,” the 4th edition of 
the WHO classification 2013 redefines the for-
mer “chondrosarcoma grade I” into “atypical car-
tilaginous tumor” in order to emphasize the local 
aggressiveness but lack of metastatic potential in 
these well-differentiated tumors.

A chondrosarcoma arising centrally in the 
bone without a benign precursor is called pri-
mary central chondrosarcoma. This lesion pre-
dominantly affects patients over the age of 50 
years and accounts for 20 % of malignant bone 
tumors and 85 % of all chondrosarcomas. Thus, it 
is the third most common primary malignancy of 
bone after myeloma and osteosarcoma. 
Predilection sites are the trunk and the proximal 
extremity girdles, accounting for about 75 % of 

chondrosarcomas (pelvis, proximal and distal 
femur, proximal humerus, and ribs). The hands, 
feet, spine, and craniofacial bones (skull base) 
are rare locations.

The histomorphology varies widely with 
grade. Grading takes into account nuclear size, 
hyperchromasia, cellularity, and mitosis. Atypical 
cartilaginous tumors can be difficult to separate 
from enchondroma, displaying areas of lobulated 
cartilage matrix and few cells with little variation 
in size and shape and absence of mitoses. There 
may be areas of myxoid or mucoid material and 
cystic changes. Entrapment of preexistent bone is 
typical. With higher grade, tumors are more cel-
lular and pleomorphic, with increasing number of 
mitoses. An example is given in Fig. 12.15. In 
grade III chondrosarcoma, cells at the periphery 
of cartilage lobules may be spindled. In a series 
of 338 patients, 61 % of chondrosarcomas were 

a

b

Fig. 12.15 Chondrosarcoma, grade II. (a) Cartilaginous 
nodules permeating between bony trabeculae. (b) High-
power view shows tumor cells with pleomorphic and 
hyperchromatic nuclei
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grade I, 36 % were grade II, and 3 % were grade 
III (Bjornsson et al. 1998).

As in every sarcoma, tumor grade is of utmost 
importance for prognosis. Five-year survival of 
patients with grade I tumors is >80 %, with most 
lesions controlled after curettage or surgical 
resection with the exception of problematic sites 
like the pelvis and skull base. Chondrosarcomas 
of higher grade have a worse prognosis; these 
combined groups have a 5-year survival of 53 %. 
They should be treated with en bloc resection and 
wide margins (Gelderblom et al. 2008).

Secondary central chondrosarcoma arises in a 
preexisting enchondroma. Patients with Ollier’s 
disease or Maffucci syndrome (diseases with 
multiple enchondromas) have a markedly 
increased risk (around 40–50 %) of developing 
these secondary chondrosarcomas.

Secondary peripheral chondrosarcoma aris-
ing in preexisting cartilaginous caps of osteo-
chondromas should be suspected if the cartilage 
cap exceeds 1.5–2 cm in thickness. Primary 
periosteal chondrosarcomas, i.e., malignant 
hyaline cartilage tumors originating from the 
periosteum on the bone surface, are rare 
(Hogendoorn et al. 2013).

Dedifferentiated chondrosarcoma is a highly 
malignant subtype with areas of low-grade chon-
drosarcoma and abrupt transition into areas of a 
high-grade, non-cartilaginous sarcoma (e.g., 
spindle cell sarcoma, pleomorphic sarcoma). It 
can be expected in 10–15 % of central chondro-
sarcomas. The prognosis is exceptionally poor 
with rapid progression into metastatic disease. 
Data for a beneficial effect of chemotherapy or 
radiation therapy on prognosis is lacking (Inwards 
and Hogendoorn 2013).

Mesenchymal chondrosarcoma accounts for 
<3 % of all primary chondrosarcomas with a 
peak incidence in the second and third decade of 
life. Origin in craniofacial bones, ribs, and ver-
tebrae is more frequent than in conventional 
chondrosarcoma. Primary extraskeletal soft tis-
sue involvement is frequent, namely, of the 
meninges. The tumor has a biphasic pattern with 
poorly differentiated small round to oval cells 
(resembling Ewing sarcoma) mixed with islands 
of hyaline cartilage and a myopericytoma-like 

vascular pattern. The clinical course may be 
prolonged, but systemic spread is observed even 
after >20 years. In this aggressive tumor, che-
motherapy is a therapeutic option (Nakashima 
et al. 2013).

12.7.2  Imaging in Chondrosarcoma

The imaging appearance of a chondrosarcoma 
varies with the subtype, location, and histological 
grade of the tumor.

Central chondrosarcomas typically cause lytic 
bone destruction on radiographs, which can range 
from geographic and well-defined lesions to a 
highly aggressive appearance with a moth-eaten or 
even permeative pattern. The affected bone might 
appear expanded, and a periosteal shell (neocor-
tex) represents the most common type of perios-
teal reaction. In approximately 50 % of the cases, 
mineralization of the chondroid matrix can be 
detected as areas of punctuate, flocculent, or ring-
like radiodensities. The most reliable findings in 
the distinction between a central chondrosarcoma 
and an enchondroma are cortical penetration and 
an extraosseous tumor component. Like in other 
malignant bone tumors, MR imaging represents 
the best-suited imaging modality to define the 
local tumor extent. Highly differentiated chondro-
sarcomas typically show a lobulated architecture 
and exhibit low signal intensity on T1-weighted 
images, very high signal intensity on T2-weighted 
and STIR images, as well as a characteristic sep-
tonodular pattern of contrast enhancement (“rings 
and arcs”). An example is given in Fig. 12.16a, b. 
Less differentiated tumors or tumor components 
usually have a more unspecific MR appearance.

Peripheral (exostotic) chondrosarcomas are 
composed of an osseous stalk and a cartilaginous 
cap and thus, radiographically resemble osteo-
chondromas. The osseous stalk can reveal signs 
of secondary destruction by the cartilaginous 
component, which might be identified in case of 
mineralization. CT and MR imaging can both be 
used to determine the thickness of the cartilage 
cap; however, due to its higher soft tissue  contrast, 
MR represents the preferred modality for local 
staging. A cartilage cap thickness of more than 
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2 cm in adults and more than 3 cm in children is 
regarded as a criterion to distinguish a peripheral 
chondrosarcoma from an osteochondroma. Since 
most exostotic chondrosarcomas are low-grade 
lesions, the cartilage component typically shows 
the abovementioned signal characteristics of a 
well-differentiated chondrogenic tumor.

Dedifferentiated chondrosarcomas often show 
an “enchondroma-like” component as well as an 
aggressive component with cortical destruction 
on plain radiographs, reflecting the histologic 
bimorphism of this entity (Inwards and 
Hogendoorn 2013). On MR imaging, the well- 
differentiated component presents the typical 
features of a chondrogenic tumor, whereas the 
dedifferentiated component shows intermediate 
to low instead of high signal intensity on 
T2-weighted images and diffuse instead of 
peripheral enhancement following intravenous 
contrast administration. This component often 
penetrates the cortex and extends into the sur-
rounding soft tissues.

12.7.3  Target Volume Delineation in 
Chondrosarcoma

The treatment of chondrosarcoma is tailored to 
the histological grade and tumor site. Atypical 
cartilaginous tumor/grade I chondrosarcoma in 
the long bones can be treated with curettage and 
have a good prognosis. Approximately 10 % of 
tumors that recur show an increase in the degree 
of malignancy. The 5-year survival is 83 % for all 
sites, and patients die from locally recurrent 
tumor that is difficult to manage surgically (e.g., 
pelvis or skull) (Gelderblom et al. 2008).

Favorable data on skull base chondrosarcomas 
grades I–II treated with particle therapy, namely, 
protons or carbon ions, demonstrate that defini-
tive radiotherapy to a total dose of approximately 
65–70 Gy (relative biological effectiveness 
(RBE)) is highly successful. Institutional series 
from different particle therapy centers in North 
America, Europe, and Japan uniformly report on 
5-year local control rates of 85–100 % for patients 
with low-grade chondrosarcoma of the skull base 
after definitive or postoperative radiotherapy to 

total doses of 60–79.2 Gy (RBE) (Weber et al. 
2005; Schulz-Ertner et al. 2007b; Hug et al. 1999; 
Noel et al. 2004; Habrand et al. 2008; Ares et al. 
2009; Schulz-Ertner et al. 2004; Combs et al. 
2009; Munzenrider and Liebsch 1999; Tsujii and 
Kamada 2012). Thus, particle therapy in a center 
with expertise in skull base chondrosarcomas has 
become the treatment of first choice for affected 
patients. If this cannot be organized, high- 
precision photon treatment is a valuable option, 
as good results have been achieved with fraction-
ated stereotactic radiotherapy as well (Debus 
et al. 2000). For details about the target volume 
definition in this site, the reader is referred to the 
corresponding chapter in this textbook (Chap. 3). 
At the Heidelberg Ionenstrahl-Therapie (HIT) 
center, a clinical phase III trial is open for patients 
with skull base chondrosarcoma, who will be 
randomized between either 45/60 Gy (RBE) of 
carbon ion or 50–56/70 Gy (RBE) of proton radi-
ation therapy. In the publication on the back-
ground and methodology of the study, its 
principles of target volume definition are reported 
(Nikoghosyan et al. 2010).

For other sites like cervical, thoracic, lumbar, 
and sacral spine/paraspinal chondrosarcomas, 
local control is more difficult to achieve and 
curettage or local excision alone is usually not 
sufficient. Surgery should aim for en bloc resec-
tion. If this is not feasible or results in micro-
scopic or macroscopic residual tumor, 
radiotherapy is indicated (Boriani et al. 2009). In 
a series of 60 patients with newly diagnosed 
extracranial chondrosarcoma (31 extremity/pel-
vis, 8 head and neck, 13 chest wall, and 10 spine/
paraspinal) considered of being at high risk for 
local recurrence, a combination of surgery and 
photon radiotherapy resulted in local control 
rates of 100, 94, and 42 % after R0, R1, and R2 
resections, respectively (Goda et al. 2011). 
Figure 12.16 gives an example of postoperative 
radiotherapy for a thoracic chondrosarcoma after 
R1 resection.

In a phase II study of high-dose photon and 
proton radiotherapy for spine sarcomas at the 
Harvard Medical School in Boston, 8 of 14 chon-
drosarcomas could be controlled after a median 
follow-up of 4 years. Of 6 patients with local 
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 failures (4 thoracic, 1 lumbar, 1 sacrum), 4 had 
been treated for locally recurrent tumors, and two 
also developed distant metastases (sacral and 
lumbar chondrosarcoma) (DeLaney et al. 2009). 
The target volume definition and dose prescrip-
tions in this study have been reported in detail: 
The CTVlarge included the GTV plus tissues sus-
pected of subclinical tumor invasion. For preop-
erative RT, this was defined as the gross tumor 
with 1 cm or more of soft tissue margin on 
extraosseous tumor, as well as grossly involved 
vertebrae plus one vertebra above and below. 
Where the CTVlarge would extend beyond a  fascial 

barrier, i.e., pleura or peritoneum, the volume 
was reduced to encompass but not extend beyond 
the fascia. Biopsy sites were included. For 
patients undergoing only postoperative RT, the 
CTVlarge was to include all surgically manipulated 
tissues (scars, drain sites, and stabilization hard-
ware). Generally, the CTVlarge plus an institu-
tional setup margin (of 0.5 cm for photons and 
0.3 cm laterally for protons) was treated to a dose 
of 50.4 Gy (RBE). In case of macroscopic com-
plete tumor resection, the CTVboost including the 
initial GTV was treated to an additional proton 
dose of 19.8 Gy (RBE) (i.e., cumulative dose 

a c e
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Fig. 12.16 Low-grade chondrosarcoma (cT2 cN0 cM0 
G1) of the right shoulder girdle/thoracic region in a 
51-year-old woman with Ollier’s disease, a rare, nonhe-
reditary sporadic disorder where multiple intraosseous 
enchondromas develop and secondary chondrosarcomas 
may occur. (a) Axial contrast-enhanced T1-weighted fat-
suppressed MR image displaying the large tumor encas-
ing the superior thoracic aperture on the right side. The 
tumor shows the typical lobulated architecture with low 
signal intensity on the T1-weighted image and a sep-
tonodular pattern of contrast enhancement. (b) Coronal 
T2-weighted image displaying the lobulated tumor with 
high signal intensity of the chondroid matrix. (c) Axial 
planning CT and (d) coronal STIR image in the postop-
erative situation: the resection specimen was 
20 cm × 20 cm × 12 cm with proof of tumor cells at several 
sites of all resection margins. GTVcontact, yellow (including 
all contact tissue of the initial tumor extension and the 

portion of pronounced postoperative edema), and 
PTVSIB70Gy ,orange (GTV plus 0.5 cm margin for CTVSIB, 
plus another 0.5 margin for positioning uncertainty, not 
exceeding 0.3 cm into the right lung, blue, restricted to the 
body with 0.3 cm skin sparing and to the portion posterior 
to the lymphatic drainage of the arm/course of the bra-
chial plexus, light blue) to a prescribed total dose of 70 Gy 
in 35 fractions of 2.0 Gy. PTVlarge, red (GTV plus 1.5 cm 
margin for CTVlarge, including all postoperative changes, 
plus another 0.5 cm margin for positioning uncertainty, 
not exceeding 0.3 cm into lung tissue, 0.5 cm into 
humerus, and 0.5 cm beyond the skin, with a distance of at 
least 1.2 cm to the spinal cord), to a dose of 66.5 Gy in 35 
fractions of 1.9 Gy. (e) Axial and (f) coronal view of the 
dose distribution (tomotherapy planning). The average 
dose (Dmean) to the right lung was 23.6 Gy, the median 
dose 14.3 Gy, and the maximal dose to the spinal cord 
48.9 Gy (Dmax)
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70.2 Gy (RBE)). For unresected patients, this 
volume received another 7.2 Gy (RBE) in 4 pro-
ton fractions (i.e., cumulative dose 77.4 Gy 
(RBE)). For grossly incomplete resections, the 
boost above 70.2 Gy (RBE) was administered to 
a CTVboost2 including only the postoperative 
residual tumor to a total dose of 77.4 Gy (RBE). 
Spinal cord center dose was limited to 54 Gy 
(RBE) and cord surface dose to 63 Gy (RBE) 
over a length of 5 cm or less. The cauda equina 
was constrained to 70.2 Gy (RBE), except for 
areas in direct contact with the tumor. In lateral-
ized sacral lesions, the contralateral sacral nerves 
were tried to be spared. Apart from a contralat-
eral sacral insufficiency fracture 4 months after 
treatment, no other grade III complications have 
been reported for these 14 chondrosarcoma 
patients (DeLaney et al. 2009).

In the pediatric series treated at the Paul 
Scherrer Institute with spot-scanning proton radi-
ation therapy between 2000 and 2010, 7 patients 
with chondrosarcoma (5 skull base, 1 cervical, 1 
thoracic spine) received a mean total dose of 66 
(range 54–72) Gy (RBE). The GTV was defined 
as the macroscopic tumor identified on the plan-
ning CT and MRI performed after the last sur-
gery at the time of proton therapy planning. The 
CTV included the GTV (if tumor resection was 
subtotal) plus preoperative tumor extension mod-
ified anatomically, plus high-risk area for micro-
scopic involvement. The PTVlarge encompassed 
the CTV plus a 0.5 cm margin, the PTVboost was 
defined as the GTV plus a 0.5 cm margin. Dose 
constraints to organs at risk were determined as 
maximum dose (D2) of 54.0 and 63.0 Gy (RBE) 
to the center and surface of the brainstem or spi-
nal cord, respectively. After a mean follow-up of 
4 years, 1 local recurrence of a high-grade tumor 
arising from the cervical paraspinal region was 
observed after 2.7 years, leading to death 
1.3 years later. In this patient, the in-field recur-
rence was detected in the area of the initial gross 
residual tumor abutting the spinal cord, where 
target volume coverage in the PTVboost was com-
promised because of spinal cord sparing. The 
other 6 patients remained locally controlled, 
including 4 patients with gross disease at the time 
of radiotherapy (Rombi et al. 2013).

In an update on the clinical results of carbon 
ion radiotherapy at the National Institute of 
Radiological Sciences (NIRS) in Chiba, Japan, a 
5-year local control rate of 88 % was reported for 
76 patients with skull base and paracervical 
tumors, including 14 chondrosarcomas (Tsujii 
and Kamada 2012). From 1996 to 2009, a total of 
71 patients with chondrosarcomas of all sites 
received definitive carbon ion RT at the NIRS. 
The clinical target volumes ranged between 25 
and 2,900 cm3 (median 488 cm3). A 5-year local 
control rate of 60 % was achieved with only 4 
patients experiencing grade III and/or IV skin/soft 
tissue late reactions (Tsujii and Kamada 2012).

12.8  Chordoma

12.8.1  Anatomy and Histopathology

Chordoma is a rare, malignant tumor showing 
 notochordal differentiation. It accounts for approxi-
mately 1–2 % of all malignant bone tumors. The 
tumor is thought to arise from ectopic intraosseous 
notochordal remnants of the spine, predominantly 
from sacrococcygeal bones or the skull base. The 
typical histological findings are large cells with 
clear to eosinophilic cytoplasm separated into lob-
ules by prominent fibrous septa with good vascular-
ization. Tumor cells are often extensively 
vacuolated, referred to as “physaliphorous cells.” 
Their nuclei show immunoreactivity for brachyury. 
Smaller cells are arranged in ribbons and cords, 
often embedded in vast amounts of extracellular 
myxoid matrix (see Fig. 12.17). In “chondroid chor-
doma,” the matrix resembles hyaline cartilage. The 
appearance is indistinguishable from a cartilaginous 
tumor except that the cells express keratin and 
brachyury. “Dedifferentiated chordoma” is a bipha-
sic tumor, with chordoma histology and undifferen-
tiated spindle cell tumor or osteosarcoma next to 
each other (Flanagan and Yamaguchi 2013).

12.8.2  Imaging in Chordoma

Chordomas are midline tumors that typically 
occur in the sacrococcygeal junction (50–60 %), 
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the clivus, and less frequently, the mobile spine. 
Lytic destruction of the affected bone is more 
commonly seen on radiography and CT than 
(reactive) osteosclerosis. Some chordomas show 
amorphous calcifications which might resemble 
the matrix calcifications of chondrosarcomas. In 
the majority of cases, a soft tissue component is 
present at the time of diagnosis.

MR imaging typically shows a lobulated mass 
with an extraosseous component, which is often 
larger than the intraosseous portion of the tumor. 
The tumor tissue appears hypointense on T1- and 
markedly hyperintense on T2-weighted images. 
Contrast enhancement is usually moderate and 
does not reveal a specific pattern (diffuse enhance-
ment) (see Fig. 12.18a, b). Adjacent organs are 
more likely to be displaced than infiltrated by the 
soft tissue mass.

12.8.3  Target Volume Delineation  
in Chordoma

Treatment of chordomas remains a challenge. 
Tumors are believed to grow slowly and metasta-
size rarely, but their local aggressiveness is excep-
tionally and uncontrolled local disease is eventually 
fatal. Radical tumor resection would be the treat-
ment of choice but is often hampered by the prox-
imity or involvement of neurovascular structures. 
In several series from different particle therapy 
centers in North America, Europe, and Japan, 

favorable local control rates could be achieved 
with radiation treatment employing protons, 
helium, or carbon ions. For skull base chordomas, 
5-year local control rates of 60–80 % are reported, 
which are lower than for chondrosarcomas at this 
site but better than the average outcome for skull 
base chordoma reported in the literature 
(Munzenrider and Liebsch 1999; Noel et al. 2001; 
Schulz-Ertner et al. 2007a; Jensen et al. 2011; 
Ares et al. 2009). A recent meta- analysis on skull 
base chordomas treated with surgery and adjuvant 
radiotherapy considered 23 observational studies 
published between 1999 and 2010 including 807 
patients (Di Maio et al. 2011). The weighted aver-
age 5-year progression-free survival and overall 
survival were 50.8 and 78.4 %, respectively. 
Patients with incomplete tumor resection were 
3.83 times more likely to experience a recurrence 
and 5.85 times more likely to die at 5 years versus 
patients with complete resection. There was no 
difference in 5-year overall survival by type of 
adjuvant radiation, although 5-year PFS was lower 
in patients receiving Gamma Knife radiosurgery 
relative to carbon ion radiotherapy on paired z-test 
(Di Maio et al. 2011). Postoperative stereotactic 
fractionated radiotherapy to a median total dose of 
66.6 Gy for residual tumor resulted in a local con-
trol rate of 50 % at 5 years in a series from 
Heidelberg including 37 patients, which is in line 
with the average results from the meta-analysis 
(Debus et al. 2000).

The experience with Gamma Knife stereotactic 
radiosurgery for residual or recurrent skull base 
chordomas is presented in a pooled analysis of 71 
patients treated in 6 North American centers 
between 1988 and 2008. Of note, 21 patients 
underwent prior RT (median total dose of 55.8 Gy). 
A median margin dose of 15 Gy (9–25 Gy) and a 
median maximum dose of 32 Gy (18–50 Gy) were 
delivered with radiosurgery to a median target vol-
ume of 7.1 cm3 (range 0.9–109 cm3). The 5-year 
“treated tumor control rate” was 66.4 %, with 23 
of 71 patients developing tumor progression in the 
treatment volume. Another 14 patients suffered 
from progression “adjacent to the prescribed treat-
ment volume” and further 7 patients from “remote 
tumor recurrence,” which means that 41 of 71 
patients experienced some sort of local failure 

Fig. 12.17 Chordoma. Lobulated appearance of chordoma, 
with cords and nests of tumor cells set in a myxoid matrix
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(Kano et al. 2011). This underlines the necessity to 
carefully consider all infiltrative tumor extensions 
in the treatment of a chordoma and to care for the 
surgical pathway, as tumor seeding is an important 
issue (Rombi et al. 2013; Wang et al. 2012).

Very good results for skull base chordoma 
have been obtained with carbon ion therapy at the 
National Institute of Radiological Sciences 
(NIRS) in Chiba, Japan: a 5-year local control 
rate of 88 % was reported after a median dose of 
60.8 Gy (relative biological effectiveness (RBE)) 
delivered in 16 fractions to 47 patients with gross 
tumor (Tsujii and Kamada 2012). For details 
about the target volume definition in the skull 
base, the reader is referred to the corresponding 
chapter in this textbook (Chap. 3).

For chordoma of the spine, the literature is 
sparse. In the phase II study of high-dose photon/
proton radiotherapy in the management of spine 
sarcomas from Boston, 29 chordomas were 
included. After a median follow-up of 4 years, 
among 23 primary chordomas, none recurred 
locally versus 3 of 6 treated for locally recurrent 
chordoma after prior surgery. Details of the target 
volume delineation are also given in section 5.3 
of this chapter (Target Volume Delineation in 
Chondrosarcoma). In brief, the CTVlarge con-
tained the GTV plus 1 cm soft tissue margin on 
extraosseous tumor plus one vertebra above and 
below the grossly involved vertebrae and all sur-
gically manipulated tissue. The PTVlarge encom-
passed the CTVlarge with an institutional set-up 
margin and was treated to a dose of 50.4 Gy 
(RBE). For the PTVboost, only the initial GTV plus 
an institutional setup margin was considered and 
treated to a total dose of 70.2 Gy (RBE) after 
complete resection or to a total dose of 77.4 Gy 
(RBE) after biopsy, respectively. In case of R2 
resection, the fields were coned down again after 
70.2 Gy (RBE) to treat the residual gross tumor 
with institutional setup margin to the total dose of 
77.4 Gy (RBE). The doses to the spinal cord cen-
ter and surface were constrained to 54 Gy (RBE) 
and 63 Gy (RBE), respectively. The cauda equina 
should not receive doses above 70.2 Gy (RBE), 
except for areas in direct contact with tumor. 

During follow-up, 2 patients developed sacral 
neuropathy with unilateral leg weakness 4 and 
5.5 years after doses of 77.12 Gy (RBE) and 
77.4 Gy (RBE) for sacral chordoma. 
Recommended posterior skin dose was 66 Gy 
RBE or less. Apart from an insufficiency fracture 
of the contralateral sacrum (1 month after surgery 
and 19.8 Gy of preoperative radiotherapy, obvi-
ously not related to radiotherapy), a case of erec-
tile dysfunction, and a rectal bleed, no other 
grade III complications occurred in 29 patients 
with chordoma (DeLaney et al. 2009).

The experience from the Paul Scherrer Institute 
with spot-scanning-based proton therapy com-
prises 40 patients with extracranial chordoma (16 
cervical, 4 thoracic, 10 lumbar spine, and 11 
sacrum). Nineteen of 40 patients had gross resid-
ual disease between 13 and 495 cm3 (mean 
69.1 cm3) which seemed not suitable for further 
resection. The CTV encompassed the presurgical 
tumor extension plus the dorsal surgical pathway 
(but not the abdominal pathway) and surgical 
instrumentations. The PTV was derived from the 
CTV plus a margin of 0.3–0.5 cm in all three 
dimensions for cervical chordomas and a margin 
of 0.5–1.0 cm for all other sites. The mean dose to 
the PTV was 72.5 Gy (RBE) (range, 59.4–75.2 Gy 
(RBE)) in conventional fractionation. Dose to the 
surface and the center of the spinal cord was con-
strained to 63 Gy (RBE) and 54 Gy (RBE), respec-
tively. After a median follow- up of 43 months, 13 
patients developed local failure, resulting in a 
5-year local control rate of 62 % for the entire 
cohort. All 19 patients without prior surgical stabi-
lization had local tumor control at 5 years (100 %) 
with one local failure observed subsequently at 71 
months. In contrast, 12 of 21 patients with surgical 
stabilization (i.e., vertebral body reconstruction 
with titanium cage placement +/− posterior stabili-
zation) developed local failures, yielding a 5-year 
local control rate of only 30 %. The difference was 
highly significant (p = 0.0003). The 5-year local 
control rate for patients with and without gross 
residual disease was 47 and 66 %, respectively 
(p = 0.048). No late grade III neurotoxicity 
occurred. A case of osteonecrosis of an irradiated 
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lumbar vertebra 13 months after proton treatment 
with 71 Gy (RBE) and a case of subcutaneous fis-
tula in the sacral region requiring several wound 
debridements were reported, the latter patient also 
developing a leiomyosarcoma of the urinary blad-
der (Staab et al. 2011).

The pediatric series from the same institution 
included 19 chordomas, of which 5 were located 
at the cervical spine and one each at the lumbar 
spine and sacrum. Dose prescription and con-
straints were determined as summarized above 
for adult patients, and a maximum dose (D2) of 
64 Gy (RBE) was defined to the center of cauda 
equina and sacral nerve roots. A mean dose of 
74 Gy (RBE) was applied (range, 73.8–75.6 Gy 
(RBE)). All spinal tumors remained controlled 
during follow-up, and no high-grade toxicity 
occurred (Rombi et al. 2013).

In an institutional series of 23 spinal chordo-
mas, 6 of which were located in the cervical 
spine; four, tumors involving L5, S1, or S2 level; 
and 13, tumors of S3 level and below, only in five 
of ten patients in the latter group the tumor could 
be controlled by wide excision alone. Of three 
tumors managed by biopsy and radiation therapy, 
two remained controlled with stereotactic treat-
ment. All other patients with a surgical approach 
upfront eventually developed a local failure, in 
spite of postoperative radiation therapy applied to 
most of them (details of radiation therapy were 
not reported) (Eid et al. 2011).

Based on observations from surgeons, chordo-
mas are tumors with less vasculature, despite the 
fact that they often cause heavy bleeding intraop-
eratively, which is assumed to be due to the 
aggressive extension of the neoplasm encasing 
the surrounding abundant vasculatures. They are 
“relatively fluid” compared with other solid 
tumors, can easily break through the bony cortex, 
and are prone to invade the paravertebral soft tis-
sue. These features might explain the problem of 
seeding in the surgical field, and surgical tech-
niques should be applied to minimize tumor seed-
ing (Wang et al. 2012). In a series of 14 cervical 
chordoma patients managed surgically with spe-
cial regard to minimize tumor seeding and with 

application of postoperative radiotherapy to a 
median dose of 66 Gy (range 44–80 Gy), 5-year 
disease-free survival was 50 % (Wang et al. 
2012).

Thus, for postoperative radiotherapy of chor-
doma, inclusion of the surgically manipulated tis-
sue is mandatory and treatment of the whole 
surgical bed to high total doses is justified. An 
example is given in Fig. 12.18.

Very favorable results have been reported for 
definitive carbon ion radiotherapy from Chiba, 
Japan. Between 1996 and 2007, 95 patients with 
unresectable sacral chordomas including 11 
recurrences following previous resection were 
treated to a median total dose of 70.4 Gy (RBE) 
(range, 52.8–73.6 Gy (RBE)) delivered in 16 
fractions within 4 weeks. Patients were posi-
tioned in a customized cradle and immobilized 
with a thermoplastic sheet, usually in prone 
position. Respiratory gating of both the acquired 
CT images and the therapy beam was per-
formed. The median CTV was 370 cm3 (range, 
47–1,468 cm3), the PTV included the CTV plus 
a 5 mm margin for positioning uncertainties. 
The CTV received at least 90 % of the pre-
scribed dose. In cases where the tumor was 
located very close to critical organs, such as the 
bowel and skin, the margin was reduced and 
consequently <90 % of the dose was applied to 
some tumors. After a median follow-up of 42 
months, six local recurrences were observed; 
the 5-year local control rate was 88 %. Two 
patients had grade III late skin reactions. Two 
patients with a total dose of 73.6 Gy (RBE) 
experienced grade IV late skin and soft tissue 
complications requiring skin grafts. Fifteen 
patients required continuing medication for sci-
atic nerve neuropathy. Five of these 15 patients 
received a total dose of 73.6 Gy (RBE). The 
authors mentioned in the discussion an analysis 
of dose-volume histograms of 44  sciatic nerves 
in 22 patients receiving  70.4–73.6 Gy (RBE) 
and followed for >2 years, indicating that a 
length of >10 cm and a total dose of >70 Gy 
(RBE) were possible thresholds for sciatic nerve 
injury (Imai et al. 2010, 2011).
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     Abbreviations 

   ABVD    Adriamycin, bleomycin, vinblastine, 
dacarbazine   

  CT    Computed tomography   
  CTV    Clinical target volume   
  DLBCL    Diffuse large B-cell lymphoma   
  ESR    Erythrocyte sedimentation rate   
  GTV    Gross tumor volume   
  IFRT    Involved-fi eld radiation therapy   
  IMRT    Intensity-modulated radiation therapy   
  INRT    Involved-node radiation therapy   
  ISRT    Involved-site radiation therapy   
  MALT    Mucosa-associated lymphoid tissue   
  MLC    Multi-leaf collimators   
  NLPHL    Nodular lymphocyte-predominant 

Hodgkin lymphoma   
  PCNSL    Primary central nervous system 

lymphoma   
  PET    Positron emission tomography   
  PTV    Planning target volume   
  RT    Radiation therapy   
  WBRT    Whole-brain radiation therapy   

13.1           Introduction 

 Thomas Hodgkin fi rst described lymphoma as 
“[the] morbid appearance of the absorbent glands 
and spleen” in 1832. Since that time, it has been 
recognized that lymphoma is in fact comprised of 
a diverse group of diseases. The World Health 
Organization 2008 classifi cation lists some 80 
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subtypes of B- and T-cell hematopoietic and lym-
phoid neoplasms, Hodgkin lymphoma among 
them (Swerdlow and Harris  2008 ). The history of 
Hodgkin lymphoma is illustrative of the system-
atic advance in the treatment of lymphoma gener-
ally, and three key lessons from this history 
infl uence therapy today. 

 First, advanced radiation techniques can 
lead to improvements in the therapeutic ratio. 
For many decades after Hodgkin’s fi rst descrip-
tion, Hodgkin lymphoma was considered to be 
a systemic and incurable disease. Initially, 
patients were generally treated with primitive 
radiation machines to sites of palpable disease 
using a wide range of doses. Two important 
concepts emerged from work at Stanford 
University. The fi rst concept was radiation 
dose response when used as the sole modality 
(Kaplan  1966 ). A dose of ~35–40 Gy was nec-
essary to achieve local control. The second 
concept was the nature of Hodgkin lymphoma 
to spread to contiguous lymph nodes 
(Rosenberg and Kaplan  1966 ). Thus, prophy-
lactic treatment to clinically uninvolved but 
high-risk adjacent sites led to higher rates of 
disease control. For many decades patients 
with early stage disease were treated with 
defi nitive radiation therapy using full doses 
and large fi elds (subtotal nodal irradiation). 

 Second, effective eradication of subclinical 
disease with systemic drug therapy can allow for 
safe reductions in RT volumes and dose. For 
Hodgkin lymphoma, subtotal nodal irradiation 
has been supplanted by combined modality ther-
apy. In the setting of effective systemic therapy, 
randomized studies have confi rmed that RT treat-
ment volumes and dose can be decreased without 
loss of clinical effi cacy (Bonadonna et al.  2004 ; 
Engert et al.  2003 ,  2010 ). In essence, chemother-
apy is relied upon to eradicate subclinical dis-
ease, and radiation therapy is utilized to optimize 
local control at originally involved sites. A lower 
dose is typically adequate when used as an 
adjunct to effective systemic therapy. 

 Third, the quality of survivorship takes on 
greater importance with increasing treatment effi -
cacy and higher cure rates. It is well- documented 
that reductions in the intensity of RT, i.e., lower 

dose and smaller fi eld size, are associated with 
lower rates of acute and  long- term morbidity 
(Bonadonna et al.  2004 ; Koontz et al.  2006 ). 
Secondary malignancies (Hodgson et al.  2007 ) 
and cardiac complications (Schellong et al.  2010 ) 
are two of the most important late complications 
of lymphoma survivors – both of which appear to 
be associated with radiation dose and volume. 
Similarly, the preference of chemotherapy, ABVD 
(doxorubicin, bleomycin, vinblastine, dacarba-
zine) over MOPP (mechlorethamine, vincristine, 
procarbazine, prednisone), for example, is largely 
based on the improved toxicity profi le of the 
former. 

 Lymphoma management continues to evolve, 
and the issues mentioned above have ushered in 
new paradigms for radiotherapy for both Hodgkin 
and non-Hodgkin lymphoma. Herein, modern 
guidelines for design and delivery of RT will be 
presented. The infl uences of advances in diag-
nostic imaging, systemic therapy, and RT deliv-
ery systems will be highlighted. Finally, 
case-based discussions of commonly encoun-
tered disease entities will highlight nuances of 
radiation treatment planning and delivery.  

13.2     General Considerations 

13.2.1     Volumetric Treatment 
Planning 

 Classic lymphoma radiation fi elds − going by 
such names as total nodal, subtotal nodal, mantle, 
inverted Y, and involved fi eld − are largely based 
on two-dimensional osseous anatomy. The defi -
nitions of anatomic regions in the Ann Arbor 
staging classifi cation were never intended to 
defi ne RT fi elds but have bolstered this concept 
nonetheless. Modern imaging and RT treatment 
planning have rendered obsolete this approach in 
favor of volumetrically defi ned targets. 

 Cross-sectional and functional imaging is 
widely available and ubiquitously used to stage 
and monitor lymphoma. Both online electronic 
fusion and manual matching of diagnostic and 
radiation treatment planning images are now pos-
sible. As such, irradiation volumes may be more 
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precisely defi ned. The familiar concepts of gross 
tumor volume (GTV), clinical target volume 
(CTV), and planning target volume (PTV) as 
defi ned in ICRU Report 83 (ICRU  2010 ) should 
be used in lymphoma treatment planning. 

 In general, the GTV should include all clini-
cally detectable disease. In the case of consolida-
tion RT following systemic therapy, both pre- and 
post-chemotherapy GTVs should be delineated. 
The most critical component of modern treat-
ment planning is defi nition of the CTV. This vol-
ume should ideally include all sites of gross  and  
microscopic disease. 

 In the most optimal setting, it may be possible 
to defi ne a highly conformal CTV which only 
includes the involved nodes. Involved-node radi-
ation therapy (INRT) requires meticulous review 
of diagnostic imaging, initiation of radiation 
treatment planning prior to initiation of chemo-
therapy, advanced RT techniques to avoid mar-
ginal miss, and effective systemic therapy to 
successfully eradicate subclinical disease in the 
immediately adjacent area. Standard guidelines 
for INRT have been published by the EORTC- 
GELA (Girinsky et al.  2008 ) and German 
Hodgkin Study Group (Eich et al.  2008 ). Those 
who implement INRT as part of a combined 
modality program are encouraged to adopt strict 
adherence to these criteria. 

 In the alternate extreme – inadequate diagnos-
tic and/or treatment planning imaging, subopti-
mal RT delivery techniques, or inadequate 
systemic therapy – a more generous CTV, similar 

to the involved fi eld, may be more appropriate. 
Most cases will fall between these two extremes. 
In that setting, the CTV should be more generous 
than the INRT CTV but need not include the 
entire lymph node region. This strategy is recom-
mended for most clinical scenarios in which both 
chemotherapy and radiation therapy are utilized 
and is termed involved site radiotherapy (ISRT). 
In defi ning the ISRT CTV, the quality of diagnos-
tic imaging, response to systemic therapy, 
disease- specifi c spread patterns, and adjacent at- 
risk organs should be considered (see summary 
Fig.  13.1 ). INRT is generally not recommended 
for diseases treated with RT alone (e.g., stage I 
follicular lymphoma).

   The CTV is then expanded to create the PTV 
to account for setup uncertainty and target motion. 
A margin for penumbra in three- dimensional 
conformal radiotherapy is also necessary. 
Thoughtful patient positioning and immobiliza-
tion can minimize the PTV margin, thereby 
sparing normal tissues. In addition, internal target 
motion, most commonly encountered in the tho-
rax and upper abdomen, can be addressed in a 
variety of ways. ICRU Report 62 (ICRU  1999 ) 
defi nes the internal target volume (ITV) as the 
CTV plus a margin to account for changes in tar-
get position and shape. When applicable, the ITV 
should be defi ned using 4D CT simulation and/or 
fl uoroscopy. In cases where clinically signifi cant 
irradiation of normal tissues may occur due to 
tumor motion, strategies to minimize the ITV 
margin should be employed. A variety of 

  Fig. 13.1    Clinical target volume (CTV) considerations 
 The extent of the CTV is dependent upon several factors. 
Increasing confi dence in the delineation and control of 

subclinical disease may allow more conformal target vol-
umes.  IFRT  involved fi eld radiotherapy,  ISRT  involved 
site radiotherapy,  INRT  involved node radiotherapy       
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approaches exist including deep inspiratory 
breath hold, gating, active-breathing control, and 
abdominal compression, among others. 

 Finally, volumetric delineation of organs at 
risk (OAR) should be included in RT treatment 
planning. The dose delivered to critical normal 
structures should then be considered in treatment 
planning. When appropriate, motion of OARs 
and setup uncertainties should be accounted for 
utilizing a planning organ at risk volume.  

13.2.2     Simulation 

 Patient setup and immobilization can signifi -
cantly infl uence the exposure of critical normal 
structures to radiation. The RT dose, organs at 
risk, and treatment verifi cation plan should be 
considered prior to simulation. Strategies that 
optimize reproducibility, patient comfort, and 
geographic avoidance of normal structures are 
best. Patient instructions, such as full bladder or 
empty stomach, may further optimize normal tis-
sue avoidance. 

 With rare exception, a CT simulation should 
be completed for treatment planning. Contiguous 
2.5–5 mm slices should be obtained through the 
intended treatment volume. The use of IV con-
trast during simulation should be personalized 
and may not be necessary, particularly if a patient 
has achieved a complete response to chemother-
apy. For abdominal and pelvic locations, oral 
contrast is often helpful to delineate the bowels. 
As noted above, target motion should be assessed 
and incorporated into treatment planning. For 
superfi cial targets, bolus may be required and 
should be placed at the time of simulation. In 
some centers, simulation MR and/or PET may be 
obtained in the treatment position and fused with 
the CT for treatment planning. 

 When applicable, all diagnostic images that 
will infl uence target volume delineation should 
be electronically fused with the simulation CT. 
A key fi rst step in treatment planning is manual 
verifi cation of all electronic fusions. When fusion 
is not possible, for instance, due to positioning 
differences between scans, careful manual trans-
fer with concurrent review of both datasets should 

be carried out by the treating radiation 
oncologist.  

13.2.3     Treatment Technique 

 Standard techniques, 3D conformal RT (3DCRT) 
or electron therapy, should be used whenever 
possible. In select cases with critical normal tis-
sues in close proximity to irradiation targets, 
advanced RT techniques may be advantageous. 
These include IMRT, volumetric arc-based ther-
apy, and proton therapy. Recommendations 
regarding the best technique for an individual 
case cannot be made and high-level data are 
lacking. 

 The use of more conformal techniques, such 
as IMRT or arc-based therapy, often results in 
greater sparing of high dose to critical normal 
structures at the cost of greater low-dose irradia-
tion. In addition, the potential for geographic 
miss may be greater. Vigorous treatment verifi ca-
tion, with image guidance, for example, should 
be considered when advanced techniques are 
used. 

 In cases with superfi cial disease involvement 
(e.g., conjunctival or cutaneous disease), electron 
irradiation may be preferred. Machine-specifi c 
depth dose characteristics of commissioned elec-
tron energies should be used for clinical treat-
ment planning. CT simulation is recommended 
when faithful dose calculation algorithms (e.g., 
Monte Carlo) are available. Electron therapy is 
discussed in more detail below.   

13.3     Disease-Specifi c 
Recommendations 

 Building on the target delineation and treatment 
planning principles noted above, this section 
presents clinical scenarios and provides more 
detail regarding the nuances of RT design and 
delivery. For comparison, Table  13.1  lists the 
standard anatomic defi nitions of the involved 
fi eld.

   Many of the principles discussed thus far are 
applicable to nearly all types of Hodgkin and 
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non-Hodgkin lymphoma. In addition to disease- 
specifi c discussion, site-specifi c recommenda-
tions are also presented below. Both the treatment 
site and the disease entity should be considered in 
the delineation of the target volume. For a given 
site, however, many aspects of simulation and 
treatment delivery remain unchanged regardless 
of disease. While the following sections are not 
divided by site, the following list may be helpful 
to direct interested readers to site-specifi c 
discussion:
•    Neck nodes – Sects.  3.1.2  (Figs.  13.2a  and 

 13.3 ),  3.1.3  (Fig.  13.4 ), and  3.4.2  (Fig.  13.6 )  
•   Mediastinum – Sects.  3.1.2  (Fig.  13.3 ) and 

 3.1.3  (Fig.  13.4 )  
•   Axilla – Sects.  3.1.2  (Fig.  13.2 ) and  3.3.2  

(Fig.  13.8 )  
•   Para-aortic – Sect.  3.1.3  (Fig.  13.4 )  
•   Inguinal – Sect.  3.2.2  (Fig.  13.5 )  
•   Head and neck – Sects.  3.4.2  (Fig.  13.6 ), 

 3.5.4.1  (Figs.  13.12  and  13.13 ), and  3.7.2  
(Figs.  13.15  and  13.16 )  

•   Orbital – Sects.  3.4.2  (Fig.  13.7 ) and  3.5.3.1  
(Figs.  13.10  and  13.11 )  

•   Gastric – Sect.  3.5.2.1  (Fig.  13.9 )  
•   CNS – Sect.  3.6.2  (Fig.  13.14 )  
•   Cutaneous – Sect.  3.8  (Figs.  13.17  and  13.18 )    

13.3.1     Classical Hodgkin 
Lymphoma 

13.3.1.1     Overview 
 Until the 1990s, most patients with early-stage 
Hodgkin lymphoma were treated with full-dose 
(35–40 Gy) subtotal nodal irradiation, treating 
both involved nodal sites and adjacent unin-
volved areas. The addition of chemotherapy to 
radiotherapy was shown to decrease the risk of 
relapse (Ferme et al.  2007 ; Specht et al.  1998 ). 
Further randomized studies demonstrated that 
in the setting of systemic therapy, smaller radia-
tion doses and fi elds were adequate (Bonadonna 
et al.  2004 ; Engert et al.  2003 ,  2010 ). Currently, 
the most effective treatment is chemotherapy, 
typically ABVD (doxorubicin, bleomycin, vin-
blastine, dacarbazine) followed by low-dose, 
conformal radiotherapy to originally involved 
areas (Aviles and Delgado  1998 ; Laskar et al. 
 2004 ; Meyer et al.  2012 ; Noordijk et al.  2005 ; 
Pavlovsky et al.  1988 ; Picardi et al.  2007 ; 
Wolden et al.  2012 ; Herbst et al.  2010 ). Most 
randomized studies that have evaluated RT in 
the context of a combined modality treatment 
program have utilized the involved fi eld concept 
(Fig.  13.2 ).

     Table 13.1    Involved fi elds using osseous anatomy   

 Superior  Inferior  Medial  Lateral  Notes 

 Cervical  1–2 cm above 
mastoid tip and 
chin 

 2 cm below clavicle  Ipsilateral 
transverse 
process 

 Include medial 
2/3 clavicle 

 Add laryngeal 
block after 
19.8 Gy 

 Mediastinum  C5–6 interspace  Lower of 5 cm below 
carina and 2 cm below 
pre-chemo disease 

 N/A  Post-chemo 
volume with 
1.5 cm margin 

 Include hilum 
with 1 cm 
margin (1.5 cm 
if involved) 

 Axilla  C5–6 interspace  Lower of tip of 
scapula or 2 cm below 
lowest axillary node 

 Ipsilateral 
transverse 
process 

 Flash axilla  Include lung 
block 

 Para-aortic  Higher of T11 or 
2 cm above 
pre-chemo 
disease 

 Lower of L4 and 2 cm 
below pre-chemo 
disease 

 N/A  Transverse 
process or 2 cm 
margin on 
post-chemo 
volume 

 Kidney blocks 
may be 
necessary 

 Inguinal  Middle of the 
sacroiliac joint 

 5 cm below lesser 
trochanter 

 Medial border of 
obturator foramen 
with 2 cm margin 
on pre-chemo 
disease 

 Greater trochanter 
or 2 cm lateral to 
pre-chemo disease 
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13.3.1.2           Consolidation RT 
 The principles of volumetric treatment planning 
discussed above can be used to defi ne consolida-
tion RT target volumes in early stage Hodgkin 
lymphoma. The volume of the CTV should be 
defi ned with careful consideration of the factors 
listed in Fig.  13.1 . In general, the superior and 
inferior extent of the CTV should include the pre- 
chemotherapy extent of disease with 2 cm margin 
regardless of treatment response. The post- 
chemotherapy width, particularly in the mediasti-
num and retroperitoneum, is utilized to defi ne the 
CTV. In cases where there is concern for residual 
disease, a shrinking fi eld boost technique may be 
considered. 

 The treatment fi elds utilized in Hodgkin lym-
phoma are presently in fl ux. Three treatment 
options are shown in Fig.  13.3  for a patient with 
early stage, favorable Hodgkin lymphoma involv-
ing the left supraclavicular and axillary lymph 
nodes receiving consolidation RT after two cycles 
of ABVD. Treatment of an anatomically defi ned 
target volume, IFRT, is shown in panel a (see 
Table  13.1 ). ISRT and INRT are shown in panels 
b and c, respectively. Compared to IFRT, the ISRT 
fi eld includes the axial extent of the involved 
lymph node stations with smaller superior- inferior 
margins and no prophylactic irradiation of unin-
volved adjacent regions. In this case, the more 
generous IFRT was used as indicated by the 

a b

  Fig. 13.2    Hodgkin lymphoma – involved fi eld 

 Case  22-year-old female with stage IIA nodular sclerosis Hodgkin lymphoma with erythrocyte 
sedimentation rate (ESR) of 65 (early-stage unfavorable) with complete response to four cycles of 
ABVD. Panel  a  – pre-chemotherapy PET/CT scan.  White arrows  indicate sites of disease 
involvement. Sites of involvement include the left neck, mediastinum, and pericardial lymph 
nodes 

 Prescription  23.4 Gy (1.8 Gy/fraction) 
 Simulation  CT simulation without contrast, supine, free breathing, immobilized on indexed wing board with 

arms up 
 Treatment 
planning 

 AP/PA treatment fi elds. Panel  b  – consolidation radiotherapy portal with custom multi-leaf 
collimators (MLC).  Red volume  represents residual CT abnormalities.  Green volume  represents 
the CTV.  Blue volume  is the larynx.  Pink volume  is the heart 
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a

c

b

  Fig. 13.3    Hodgkin lymphoma – IFRT, ISRT, INRT 

 Case  26-year-old female with favorable stage IIA nodular sclerosis Hodgkin lymphoma with ESR 20 
(early-stage favorable) with complete response to two cycles of ABVD 

 Prescription  19.8 Gy (1.8 Gy /fraction) 
 Simulation  CT simulation with contrast, supine, free breathing, immobilized on indexed wing board with 

arms up 
 Treatment 
planning 

 AP/PA treatment fi elds. Pre- chemotherapy GTV shown in  red contour . IFRT includes the 
ipsilateral cervical, supraclavicular, and axillary anatomic regions (panel  a ). The superior and 
inferior extent of irradiation is reduced in ISRT (panel  b ). INRT includes only initial sites of 
disease (panel  c ). IFRT used in this case due to two cycles of chemotherapy 

   From  ONCOLOGY  2012:26:1182 (used with permission)       
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recently published German HD10 study (Engert 
et al.  2010 ). In this study, only two cycles of 
ABVD were administered, and radiation therapy 
was given to an involved fi eld. Whether involved 
site or involved-node radiotherapy is adequate in 
patients receiving only two cycles of ABVD is not 
clear.

13.3.1.3           Subtotal Nodal Irradiation 
(STNI) 

 Though infrequent, full-dose STNI is still 
employed in the contemporary management of 
Hodgkin lymphoma. A recent trial showed no 
difference in progression-free or overall survival 
in patients with favorable disease treated with 
either ABVD or STNI (Meyer et al.  2012 ). 
However, a combined modality approach is still 
generally pursued given the known late effects of 

STNI. More commonly, STNI is pursued when a 
patient has localized (stage I-II) disease that is 
refractory to multiple chemotherapy regimens. 

 The initial treatment fi elds are anatomically 
defi ned (Table  13.1 ) and include the lymph nodes 
in the bilateral cervical, supraclavicular, axillary, 
mediastinal, and hilar regions (mantle fi eld). A 
dose of ~30 Gy to this area is followed by a 
~10 Gy boost to sites of gross disease. 
Prophylactic treatment of para-aortic lymph 
nodes and the spleen typically follows after a 
2-week break. Figure 13.4 shows a standard 
STNI fi eld setup. Strategies to optimize accurate 
matching of supra- and infradiaphragmatic fi elds 
are needed. In the presented case (Fig.  13.4 ), a 
complete response was achieved after STNI, and 
the patient was then considered for a stem cell 
transplant.

a b

  Fig. 13.4    Hodgkin lymphoma – subtotal nodal irradiation (STNI) 

 Case  26-year-old female with stage IIA refractory Hodgkin lymphoma with disease in left neck and 
mediastinum unresponsive to ABVD and ICE, undergoing defi nitive radiation therapy 

 Prescription  Mantle fi eld (30.6 Gy) followed by boost to involved areas (10.8 Gy); para-aortic/spleen fi eld 
(25.2 Gy) using 1.8 Gy fractions 

 Simulation  CT simulation without contrast, supine, head extended, free breathing, immobilized in 
customized body mold 

 Treatment 
planning 

 AP/PA treatment fi elds. Panel  a  – mantle fi eld. Boosts fi elds not shown. Panel  b  – para-aortic/
spleen fi eld 

   From  ONCOLOGY  2012:26:1182 (used with permission)       
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13.3.2         Nodular Lymphocyte- 
Predominant HL (NLPHL) 

13.3.2.1     Overview 
 Nodular lymphocyte-predominant Hodgkin lym-
phoma (NLPHL) is an unusual subtype of 
Hodgkin lymphoma, consisting of ~5 % of cases. 
It has a distinct immunophenotype (CD15 and 
CD30 negative, CD20 and CD45 positive), pre-
sentation, and natural history. While overall 
relapse rates are similar between classical 
Hodgkin lymphoma and NLPHL, patients with 
the latter tend to relapse later and survive relapses 
better (Nogova et al.  2008 ; Diehl et al.  1999 ). 
The optimal treatment is not clear, and given the 
rarity of this disease, randomized trials will be 
diffi cult to perform. For patients with localized 
disease, RT alone is generally recommended 
(Nogova et al.  2005 ; Chen et al.  2010 ). However, 

at least one study has suggested that the addition 
of chemotherapy may be associated with better 
outcomes (Savage et al.  2011 ).  

13.3.2.2      RT Considerations 
 The same principles of volumetric treatment 
planning should be applied to NLPHL. In cases 
where systemic therapy is not used, a more gen-
erous CTV is recommended. On the other hand, 
following a good clinical response to systemic 
therapy, more conformal CTV volumes may be 
more appropriate. 

 For instance, Fig.  13.5  shows two clinical tar-
get volumes for a patient with NLPHL involving 
a single left inguinal lymph node. In the pre-
sented case, no systemic therapy was utilized, 
and the larger clinical target volume was treated 
(panel a) with a boost to the smaller clinical tar-
get volume (panel b), as RT was utilized to eradi-

a b

  Fig. 13.5    Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL)           

 Case  52-year-old male with stage IA NLPHL involving a single left inguinal LN ( dark blue contour ). 
Treated with radiation therapy alone. Therefore, the initial clinical target volume includes the low 
pelvic and inguinal lymph nodes with a boost to gross disease 

 Prescription  30 Gy (2 Gy/ fraction) to CTV1 ( red contour ) ( a ); 2 Gy qd to 6 Gy to CTV2 ( aqua contour ) ( b ); 
total dose −36 Gy 

 Simulation  CT Simulation without contrast, supine, with legs frog-legged. For male patients, position 
genitalia out of fi eld and shield testicles with clam shell 

 Treatment 
planning 

 2-fi eld 3D (AP and PA). The bladders ( brown contour  and  orange contour ) are adequately spared 
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cate both clinical and subclinical disease. 
Theoretically, however, if systemic therapy had 
been given, it may have been more appropriate to 
irradiate the smaller CTV (panel b). For treat-
ment of the inguinal region, the patient should be 
positioned frog-legged in order to separate the 
leg from the external genitalia and minimize skin 
folds. When possible the genitalia should be 
positioned out of the fi eld, and the testicles should 
be shielded in men.

13.3.3         Diffuse Large B-Cell 
Lymphoma 

13.3.3.1     Overview 
 Historically, RT was the preferred treatment for 
localized diffuse large B-cell lymphoma 
(DLBCL). Single-institution studies demon-
strated that long-term disease control was 
achieved in ~40–45 % of patients (Vaughan 
Hudson et al.  1994 ; van der Maazen et al.  1998 ; 

Kaminski et al.  1986 ). Subsequent randomized 
trials demonstrated that the addition of chemo-
therapy to RT signifi cantly decreased the risk of 
disease recurrence (Landberg et al.  1979 ; 
Monfardini et al.  1980 ; Nissen et al.  1983 ). 
Currently, the majority of patients are treated 
initially with immunochemotherapy, mostly 
commonly R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine, prednisone). 
Most (Horning et al.  2004 ; Martinelli et al. 
 2009 ; Miller et al.  2001 ), but not all (Bonnet 
et al.  2007 ), studies have shown that consolida-
tion RT decreases the risk of recurrence after 
chemotherapy, and a combined modality 
approach has become a standard of care in local-
ized DLBCL.  

13.3.3.2      RT Considerations 
 The principles of target volume delineation and 
treatment are similar to that of Hodgkin lym-
phoma for nodal DLBCL. DLBCL involves 
extranodal sites more commonly than Hodgkin 

  Fig. 13.6    Diffuse large B-cell lymphoma (DLBCL)           

 Case  62-year-old male with stage IIA DLBCL involving the left tonsil and a level II cervical lymph 
node s/p left tonsillectomy. He received six cycles of R-CHOP chemotherapy with complete 
response by PET/CT 

 Prescription  30 Gy (2 Gy/ fraction) 
 Simulation  CT simulation without contrast, supine, head extended, immobilized with thermoplastic mask, 

with arms down. IV contrast can be considered 
 Treatment 
planning 

 9-fi eld IMRT plan. The CTV includes the left tonsillar fossa and ipsilateral neck ( red contour ). 
Critical normal structures include the left and right parotid glands ( yellow  and  green contour , 
respectively), the larynx ( orange contour , panel  b ), and the oral cavity ( pink contour , panel  a ). 
The prescription isodose line is shown in cyan 

a b 
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lymphoma. When treating extranodal sites, 
 clinical judgment is necessary to determine how 
much of the structure should be included in the 
clinical target volume. This will depend on the 
site treated as well as quality of diagnostic 
imaging. Figure  13.6  depicts the treatment plan 
for a patient with stage IIA DLBCL involving 
the left tonsil and ipsilateral level 2 neck. An 
ISRT CTV was delineated using the pre-chemo-
therapy PET/CT to include the entire tonsil and 
ipsilateral neck. Due to the proximity of the 
CTV to critical normal structures, namely, the 
parotid gland and oral cavity, IMRT was utilized 
to improve conformality. The prescription iso-
dose contour is shown in cyan with simultane-
ous coverage of the CTV (red contour) and 
avoidance of the left parotid (yellow contour) 
and oral cavity (pink contour). IMRT is often 
advantageous for irradiation of targets in the 
head and neck due to proximity of many dose-
limiting normal structures.

   Figure  13.7  shows the opposed lateral treat-
ment fi elds utilized in the consolidative  irradiation 
of a patient with ocular DLBCL. In this case, the 
retina and vitreous were the targets for irradia-
tion. The isocenter of treatment was placed at the 
anterior edge of the globe in order to minimize 
tangential irradiation of the cornea. Tissue- 
compensating wedges were used to improve dose 
homogeneity.

13.3.4         Follicular Lymphoma (FL) 

13.3.4.1     Overview 
 Follicular lymphoma is the second most common 
subtype of non-Hodgkin lymphoma. Most present 
with advanced disease and are primarily managed 
with systemic immunochemotherapy. Low-dose 
RT can complement systemic therapy by provid-
ing very effective palliation of symptomatic areas 
(4 Gy in 1–2 fractions). For the minority of 

  Fig. 13.7    Primary intraocular lymphoma           

 Case  76-year-old female with bilateral intraocular lymphoma s/p high-dose methotrexate 
 Prescription  30 Gy (2 Gy/fraction) 
 Simulation  CT simulation without contrast, supine, immobilized with thermoplastic mask 
 Treatment 
planning 

 2-fi eld 3D plan (LAO, RPO). Opposed treatment fi elds were angled to match anterior divergence 
to minimize tangential irradiation of the cornea (panel  a) . Custom MLC blocking was utilized to 
target the posterior globe and distal optic nerves bilaterally (panel  b ). The prescription isodose 
line is shown in  green . The right and left optic nerve are contoured in cyan and  orange , 
respectively (panel  a ) 

a b 
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patients with localized disease, most published 
guidelines recommend RT alone (24–30 Gy). 
This recommendation is based on multiple 
studies with long follow-up showing 10-year fail-
ure-free survival of ~50 % (Vaughan Hudson 
et al.  1994 ; Campbell et al.  2010 ; Guadagnolo 
et al.  2006 ; Mac Manus and Hoppe  1996 ), with 
few relapses occurring thereafter. A study using 
data from the Surveillance, Epidemiology, and 
End Results (SEER) program demonstrating 
superior survival in patients who receive RT for 
stage I follicular lymphoma supports this approach 
(Pugh et al.  2010 ).  

13.3.4.2        RT Considerations 
 Diagnostic imaging, preferably contrast- enhanced 
PET/CT, should be used to delineate the GTV. In 
most cases, localized follicular lymphoma will be 
treated with RT alone. Thus, RT is relied upon to 
eradicate clinically apparent and microscopic dis-
ease in the immediate region. Hence, IFRT is pre-
ferred over INRT. Most patients with stage I 
follicular lymphoma present with disease in the 
inguinal region, axilla, or neck. Treatment of 
these sites, compared to those more centrally 
located, is associated with a low risk of morbidity. 
Figure  13.8  depicts the GTV (red contour) and 
CTV (green contour) for a patient with stage IA 
FL of the left axilla treated with RT alone. The 
medial axillary lymph nodes are located where 
the axillary vessels cross the lateral aspect of the 
pectoralis minor. Since no systemic therapy was 
given, the medial lymph nodes are included as 
well as the lymph nodes in the supraclavicular 
fossa. Full humeral head blocking should be 
avoided when treating the axilla.

13.3.5         Marginal Zone 
Lymphoma (MZL)  

13.3.5.1     Overview 
 Marginal zone lymphoma is the third most com-
mon non-Hodgkin lymphoma and consists of 
three entities – extranodal marginal zone lym-
phoma of mucosa-associated lymphoid tissue 
(MALT lymphoma), splenic marginal zone lym-
phoma, and nodal marginal zone lymphoma. The 

latter two entities are fairly rare and will not be 
discussed further. Most patients with MALT lym-
phoma present with localized disease. The most 
commonly involved sites include the stomach, 
orbital adnexa, salivary glands, thyroid, skin, and 
lungs (Goda et al.  2010 ). Though patients with 
localized MALT lymphoma are often treated 
with RT alone, the simulation and treatment plan-
ning approach vary widely. The most common 
sites of involvement receive additional attention 
below.  

13.3.5.2     Stomach 
 The microorganism  Helicobacter pylori  is the 
causative agent of gastric MALT lymphoma for 
many patients. Eradication of the bacterium 
results in lymphoma regression and long-term 

  Fig. 13.8    Follicular lymphoma (FL)           

 Case  72-year-old female with stage IA FL 
involving the left axilla staged by 
PET/CT and bone marrow biopsy 

 Prescription  24 Gy (2 Gy/fraction) 
 Simulation  CT simulation without contrast, 

supine, immobilized on indexed 
wing board with arms up 

 Treatment 
planning 

 2-fi eld 3D (AP and PA). The GTV is 
delineated in red and the CTV in 
 green . Custom MLC blocking is 
utilized to irradiate the involved 
lymph nodes and regions at risk of 
harboring microscopic disease in the 
involved region 
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disease-free survival in ~50 % of patients 
(Wundisch et al.  2005 ; Schechter et al.  1998 ). RT 
is used in those patients without an apparent  H. 
pylori  infection or who have refractory or pro-
gressive disease despite antibiotics. RT results in 
lymphoma eradication and long-term disease 
control in >90 % of patients. 

    RT Considerations 
 The target for irradiation is the entire stomach. 
Therefore, patients are asked to fast for 2–3 h 
prior to simulation and treatment to facilitate a 
smaller target volume. A small amount of oral 
contrast can be used to improve visualization 
of the stomach, and IV contrast should be con-
sidered in cases with concomitant regional 
lymph node involvement. Immobilization with 
a customized body mold is recommended. 
Respiratory motion can be assessed with 4D 
CT simulation and/or fl uoroscopy. In general, 
more generous margins should be considered 
due to internal target motion in the treatment of 
gastric MALT. 

 Given the possibility of internal target motion, 
conformal IMRT techniques should be used with 
caution. The kidneys, liver, and heart are the criti-
cal organs of interest and should be contoured. 
Differential kidney function may be assessed via 
nuclear imaging prior to irradiation. The use of 
oblique and multiple fi elds should be customized 
to minimize irradiation of normal tissues. 
Figure  13.9  depicts the opposed oblique treat-
ment fi elds (right anterior oblique [RAO] shown) 
used in the treatment of a patient with  H. pylori  
negative gastric MALT lymphoma.

13.3.5.3         Orbital Adnexa 
 The most common orbital sites involved by 
MALT lymphoma include the bulbar and palpe-
bral conjunctiva, lacrimal gland, and periorbital 
soft tissues. Though an association with the bac-
terium  Chlamydia psittaci  has been demonstrated 
(Ferreri et al.  2005 ), as well as evidence of lym-
phoma regression with antibiotic therapy, this has 
not been universally confi rmed, and the role of 
antibiotics in orbital MALT lymphoma is contro-
versial. Presently, RT is the preferred approach 
for localized disease. 

    RT Considerations 
 Appropriate diagnostic testing to confi rm local-
ized disease should be performed. A combination 
of CT, PET, and/or MRI should be used to detect 
involvement of adnexal soft tissue structures. It 
should be noted though that MALT lymphoma is 
often not FDG avid on PET. MRI is the preferred 
imaging modality to assess the extent of orbital 
involvement. In addition, formal evaluation by 

  Fig. 13.9    Extranodal marginal zone lymphoma of 
mucosa-associated lymphoid tissue (stomach)           

 Case  61-year-old male with  Helicobacter 
pylori  negative, stage IEA MALT 
lymphoma of the stomach 

 Prescription  30 Gy (1.5 Gy/ fraction) 
 Simulation  4D CT simulation with oral contrast, 

supine, with arms up. 
Immobilization with custom body 
mold. Patient fasting for 3 h prior to 
simulation 

 Treatment 
planning 

 2-fi eld 3D plan (RAO [shown above] 
and LPO). The CTV includes the 
entire stomach ( red contour ), taking 
into account organ motion during 
respiratory cycle. Beam angles and 
custom MLC blocks were designed 
to minimize irradiation of critical 
normal structures including the left 
kidney ( light green contour ), right 
kidney ( cyan contour ), liver ( brown 
contour ), heart ( dark blue contour ), 
and spinal cord ( yellow contour ). 
Patient treated with prophylactic 
antiemetics 
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ophthalmology should be obtained prior to 
treatment. 

 In cases of disease limited to the superfi cial 
conjunctiva, en face electron irradiation is 
 preferred. Clinical simulation with immobiliza-
tion in a thermoplastic mask is helpful. The mask 
can be cut to expose the affected eye (Fig.  13.10 ). 
Due to the depth-dose characteristics of electron 
irradiation, a generous margin should be used to 
defi ne fi eld borders. Tissue defects should be 
smoothed with tissue-simulated material. To 
obtain adequate surface dose, daily bolus is typi-
cally required.

   When disease involvement is more extensive, 
electron irradiation may not provide adequate 
depth-dose. In general, if there is periorbital soft 
tissue involvement, treatment of the entire eye is 
recommended. 3DCRT or IMRT may be used in 
this clinical setting. For example, Fig.  13.11  

depicts the case of a patient with stage IEA 
MALT lymphoma involving the left conjunctiva 
with extension to the retrobulbar space. A 3DCRT 
wedged-pair technique is used to obtain adequate 
depth dose, encompassing the entire eye and 
periorbital region, while completely avoiding 
irradiation of the contralateral eye. For bilateral 
disease, opposed lateral fi elds are generally 
preferred.

13.3.5.4        Salivary Glands/Thyroid 
 Patients with the autoimmune diseases, 
Hashimoto thyroiditis, and Sjogren syndrome 
appear to be at higher risk of developing MALT 
lymphoma of the thyroid and salivary glands, 
respectively (Holm et al.  1985 ; Talal and Bunim 
 1964 ). MALT lymphomas can arise in any of the 
salivary glands in the head and neck region, 
though the parotid is most frequently involved. 

a b

  Fig. 13.10    Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (conjunctiva)           

 Case  58-year-old female with stage IEA MALT lymphoma of the right conjunctiva 
 Prescription  24 Gy (2 Gy/fraction) 
 Simulation  Clinical simulation with patient immobilized in thermoplastic mask, supine, with arms down. 

Right eye cut out of the mask 
 Treatment 
planning 

 En face 6 MeV electrons prescribed to 90 % isodose line (panel  a ). Target volume delineated 
clinically ( purple contour , panel  b ). Custom gauze fashioned to fi ll tissue defect near the medial 
canthus ( black arrow , panel  b ). One cm bolus used daily (not shown) 
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    RT Considerations 
 Detailed imaging of the region with CT, PET, 
and/or MRI should be obtained. In addition, if 
minor salivary gland involvement is suspected, 
fi beroptic laryngoscopy may also be helpful. In 
general, the target volume is the entire structure 
with any local extension. Treatment with 3DCRT 
or IMRT should be considered on an individual-
ized basis. Many of the usual diffi culties with 
conventional 3DCRT treatment of the head and 
neck are eliminated on account of the relatively 
low dose required. Figure  13.12  shows an AP/PA 
treatment plan for a patient with right parotid 
MALT lymphoma. In Fig.  13.13 , the thyroid and 
postsurgical bed are irradiated with a differen-
tially weighted 75 % AP and 25 % PA treatment 
plan. Generous margins are used due to clinical 
uncertainty regarding the initial extent of disease 
(partial thyroidectomy with no presurgical imag-
ing). Daily bolus was used given the superfi cial 
position of the thyroid.

13.3.6           Primary Central Nervous 
System Lymphoma (PCNSL) 

13.3.6.1    Overview 
 Primary central nervous system lymphoma 
(PCNSL) is a rare extranodal non-Hodgkin lym-
phoma that occurs in both immunocompetent and 
immunosuppressed individuals. The most com-
mon histologic subtype is DLBCL. The current 
standard of care is chemotherapy incorporating 
high-dose methotrexate. The contribution of 
whole-brain radiation therapy (WBRT) after 
high-dose methotrexate is controversial. 
Although WBRT may decrease the risk of 
relapse, it is often counterbalanced by increased 
toxicity (Abrey et al.  2000 ). In older patients 
(>60 years), conventional doses of WBRT 
(45 Gy) have been associated with unacceptably 
high rates of severe neurotoxicity, including 
dementia (Omuro et al.  2005 ). When a complete 
response is achieved, lower doses of RT (23.4 Gy) 

a b

  Fig. 13.11    Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (orbit)           

 Case  66-year-old male with stage IEA MALT lymphoma of the left conjunctiva with extension to the 
left lacrimal gland and retrobulbar space 

 Prescription  24 Gy (2 Gy/ fraction) 
 Simulation  CT simulation without contrast, supine, with patient immobilized in thermoplastic mask 
 Treatment 
planning 

 2-fi eld 3D plan (LAO and RAO, panel  a ). Wedged-pair technique with custom MLC blocking 
designed to irradiate the left eye and surrounding soft tissues (RAO, panel  b ). Prescription 
isodose shown in  magenta  and contralateral eye in  yellow  (panel  a ). One centimeter bolus used 
daily ( dark blue contour , panel  a ) 
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may decrease the risk of relapse but avoid the 
toxicity of full-dose WBRT (Shah et al.  2007 ).  

13.3.6.2     RT Considerations 
 WBRT for PCNSL is similar to standard WBRT 
used in other clinical settings. Patients should be 
simulated supine and immobilized in a thermo-
plastic mask. The key difference in the delinea-
tion of WBRT fi elds for PCNSL is the inclusion 
of posterior globe and optic nerves. Figure  13.14  
shows a right lateral fi eld with inclusion of the 
posterior orbits. The isocenter is placed anteri-
orly to minimize tangential corneal irradiation.

13.3.7         Extranodal NK/T-cell 
Lymphoma, Nasal Type 

13.3.7.1    Overview 
 The upper aerodigestive tract, including the nasal 
cavity, nasopharynx, palate, and paranasal 
sinuses, is the most commonly involved site of 
for extranodal NK/T-cell lymphoma, nasal type. 
It is a rare entity and only a limited number of 
clinical trials have been performed assessing dif-
ferent management paradigms. Thus the optimal 
treatment approach, particularly the choice and 
timing of chemotherapy, has not been estab-
lished. RT appears to be an important component 
in patients with localized disease (Li et al.  2006 ). 
Many patients have disease in close proximity to 
critical structures including the eyes, brain, and 
parotid glands, and advanced radiation tech-
niques, including IMRT, are often necessary.  

  Fig. 13.12    Extranodal marginal zone lymphoma of 
mucosa-associated lymphoid tissue (parotid)           

 Case  78-year-old male with stage IEA 
marginal zone lymphoma of the right 
parotid gland 

 Prescription  24 Gy (2 Gy/fraction) 
 Simulation  CT simulation without contrast, 

supine, immobilized with 
thermoplastic mask, with arms down 

 Treatment 
planning 

 2-fi eld 3D plan (AP and PA). The 
parotid gland, including deep and 
accessory lobes, was considered the 
CTV and contoured ( green ). Custom 
MLC blocking was designed to 
irradiate the whole parotid while 
minimizing irradiation of the 
ipsilateral eye, oral cavity, spinal 
( blue contour ), and brain stem 
( yellow contour ) 

  Fig. 13.13    Extranodal marginal zone lymphoma of 
mucosa-associated lymphoid tissue (thyroid)           

 Case  58-year-old male with stage IAE 
MALT lymphoma of the thyroid s/p 
partial thyroidectomy with no 
presurgery diagnostic imaging 

 Prescription  30 Gy (2 Gy/fraction) 
 Simulation  CT Simulation without contrast, 

supine, immobilized with 
thermoplastic mask, with arms down 

 Treatment 
planning 

 2-fi eld 3D plan (AP 75 % weighting, 
PA 25 %). The residual thyroid and 
operative bed are delineated ( red 
contour ). The larynx is in close 
proximity and cannot be spared 
( blue contour ). The fi eld takes into 
account uncertainty regarding extent 
of soft tissue extension. One 
centimeter bolus utilized daily 
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13.3.7.2     RT Considerations 
 The principles of volumetric treatment planning 
described above apply to NK/T-cell lymphoma. 
The target for irradiation is defi ned by the initial 
extent of disease. Therefore, optimal pre- 
chemotherapy imaging and diagnostic assess-
ment are necessary for conformal irradiation. CT, 
PET, and MRI all provide important information 
regarding the extent of disease within the intri-
cate anatomy of the sinonasal region. Pre- 
chemotherapy fi beroptic laryngoscopy is critical 
to document disease extent. 

 The optimal treatment approach for nasal 
NK/T-cell lymphoma is not established. Studies 
have used RT alone as well as RT with either 
concurrent or sequential chemotherapy. If 
patients receive chemotherapy before RT, it is 
ideal to undergo CT simulation in the treatment 
position before the start of treatment. At the 

time of simulation, an external bite block with 
tongue depressor can be used to minimize acute 
toxicity. Patients should be immobilized in a 
thermoplastic mask. All diagnostic information 
should be used in the delineation of the CTV. 
Several critical normal structures near the nasal 
cavity and paranasal sinuses should be con-
toured as avoidance structures including the 
bilateral eyes, optic nerves, optic chiasm, brain 
stem, mandible, spinal cord, oral cavity, and 
parotid glands. 

 Studies have also utilized different RT fi eld 
designs, including treatment of the GTV with 
margin only as well as GTV + paranasal sinuses, 
with or without prophylactic treatment of cervi-
cal lymph nodes. IMRT is often, but not always, 
necessary to minimize irradiation of adjacent 
normal structures. Figure  13.15  depicts the dose 
distribution achieved by a 9-fi eld IMRT plan. 
There is conformal irradiation of the CTV extend-
ing superiorly into the ethmoid sinuses between 
the two eyes (panels a, b). On the other hand, 
with more limited disease involving the hard pal-
ate, the patient depicted in Fig.  13.16  was irradi-
ated with 3DCRT. Excellent sparing of the 
bilateral parotid glands was achieved without the 
use of IMRT in this case.

13.3.8           Cutaneous Lymphomas 

13.3.8.1    Overview 
 The skin is a common extranodal site for lym-
phoma involvement. The most common T-cell 
entities include mycosis fungoides and primary 
cutaneous anaplastic large-cell lymphoma (which 
must be distinguished from lymphomatoid papu-
losis). The most common B-cell entities include 
primary cutaneous follicle center lymphoma, 
marginal zone lymphoma (MALT) of the skin, 
and primary cutaneous DLBCL, leg type. RT 
plays a central role in the defi nitive management 
of most cutaneous lymphomas (Senff et al.  2007 ; 
Bekkenk et al.  2000 ; Liu et al.  2003 ; Wilson et al. 
 1998 ), particularly localized presentations, and 
can be used for any histology for palliation if nec-
essary (Navi et al.  2011 ; Thomas et al.  2013 ; 
Neelis et al.  2009 ).  

  Fig. 13.14    Primary central nervous system lymphoma           

 Case  58-year-old female with primary 
CNS lymphoma s/p high-dose 
methotrexate with complete 
response 

 Prescription  23.4 Gy (1.8 Gy/ fraction) 
 Simulation  CT simulation without contrast, 

supine, immobilized with 
thermoplastic mask 

 Treatment 
planning 

 2-fi eld plan (opposed laterals). 
Custom MLC blocking designed to 
irradiate the whole brain with 
particular attention to include the 
posterior globe ( dark blue contour ) 
and optic nerves ( orange contour ) 
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a

c
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  Fig. 13.15    Extranodal NK/T-cell lymphoma, nasal type (case 1)           

 Case  51-year-old male with EBV-positive, stage IEA NK/T-cell lymphoma of the nasal cavity 
bilaterally and nasopharynx status post 6 cycles of ICE chemotherapy with PET CR 

 Prescription  50.4 Gy (1.8 Gy/fraction) 
 Simulation  CT simulation without contrast, supine, immobilized in customized thermoplastic mask with neck 

slightly extended. External bite block ( white arrow , panel  c ) used to depress the oral tongue 
 Treatment 
planning 

 9-fi eld IMRT plan selected to optimize target coverage and avoid normal tissues. Avoidance 
structures include the optic chiasm, optic nerves ( dark green  and  pink contour , panel  a ), bilateral 
eyes ( yellow  and  blue contour , panel  b ), mandible, brain stem, and spinal cord. Isodose 
distributions shown in axial plane ( a ), coronal ( b ), and sagittal planes ( c ).  Red volume  represents 
the PTV. Isodose contours shown include 50.4 Gy ( orange contour ), 45 Gy ( blue contour ), and 
40 Gy ( green contour ).  Dashed gray lines  indicate cut lines for each view. 
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13.3.8.2    RT Considerations 
 The fi rst step in RT treatment planning is a total 
skin exam with careful delineation of all sites and 
extent of cutaneous disease. Palpation of disease 
to identify dermal extension should be done. 
Ideally, interdisciplinary agreement should be 
sought with dermatology. Photo documentation 
of all sites of disease and irradiation targets 
should be included in the patient chart. 

 In the vast majority of cases, superfi cial elec-
tron irradiation is used. All irradiation targets 
should be marked on the skin with adequate 
bolus. The electron depth-dose is best character-
ized using advanced dosimetric algorithms (e.g., 

Monte Carlo method). If such techniques are 
available, CT simulation should be done with 
radiopaque demarcation of irradiation targets. In 
general, target volumes with margins of 2–3 cm 
are recommended. Figure  13.17  shows the elec-
tron irradiation target (purple dots) for a patient 
with primary cutaneous B-cell lymphoma with 
follicle center histology. Figure  13.18  depicts the 
initial extent of involvement (panel a), the vol-
ume of irradiation (panel b), and treatment out-
come (panel c) in a patient with localized 
anaplastic large-cell lymphoma of the skin.

    Mycosis fungoides, and occasionally other 
entities, is often treated with total skin  irradiation. 

a b

  Fig. 13.16    Extranodal NK/T-cell lymphoma, nasal type (case 2)           

 Case  30-year-old male with EBV-positive, stage IEA NK/T-cell lymphoma of the hard palate treated 
with concurrent radiation therapy and DeVIC (dexamethasone, etoposide, ifosfamide, 
carboplatin) 

 Prescription  50 Gy (2 Gy/fraction) 
 Simulation  CT simulation without contrast, supine, immobilized in customized thermoplastic mask with neck 

slightly extended. External bite block used to depress oral tongue. 
 Treatment 
planning 

 3-fi eld 3D plan (AP, panel  a ; RAO, panel  b ; LAO, not shown) selected to irradiate the CTV ( red 
contour ), representing GTV + 1.5 cm margin. Avoidance structures include the bilateral eyes 
( dark green  and  blue contour ), mandible, brain stem ( green contour ), spinal cord ( yellow 
contour ), and bilateral parotid glands ( orange  and  magenta contours ). Mean dose to each parotid 
<10 Gy 
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This requires commissioning of a linear accel-
erator to perform such treatment and is most 
commonly performed at specialized centers. 
Guidelines for total skin irradiation have been 
published (Hoppe  2003 ).   

13.3.9     Plasma Cell Neoplasms 

13.3.9.1    Overview 
 Multiple myeloma is the most common plasma 
cell neoplasm. A small percentage of patients 
will present with localized plasmacytomas. These 
can arise from either osseous or, less commonly, 
extraosseous sites. Solitary plasmacytoma may 
be cured with RT alone. Generally, the recom-
mended dose in this setting is higher than that 

recommended for patients with multiple myeloma 
(40–45 Gy versus 15–30 Gy). While local control 
is achieved in most patients, a signifi cant number 
of patients with solitary plasmacytomas progress 
to myeloma. The risk of myeloma development is 
~70 % in patients with osseous plasmacytomas 
and ~35 % with extraosseous disease (Ozsahin 
et al.  2006 ).  

13.3.9.2    RT Considerations 
 Using all available diagnostic imaging, the extent 
of osseous and/or extraosseous disease should be 
contoured on a treatment planning CT. Generous 
margins to account for intra-osseous extension 
should be used. Treatment of the entire bone and 
prophylactic irradiation of adjacent vertebral bod-
ies are not necessary (see Figs.  13.19  and  13.20 ), 
though they are often included after expanding 
the fi eld to take into account setup error and pen-
umbra. For extraosseous disease, which com-
monly develops in the head and neck region, 
proximity of critical normal structure may require 
advanced treatment techniques such as IMRT.

    Painful lytic lesions from multiple myeloma 
are a common indication for palliative RT. A rel-
atively low dose of RT is usually suffi cient for 
pain relief, and hypofractionation is typically uti-
lized (8 Gy in 1 fraction or 20–30 Gy in 4–10 
fractions). The volume of irradiation should be 
determined using a combination of diagnostic 
imaging and physical exam fi ndings. A generous 
margin should be used around the clinical target 
volume without attempting to include all adja-
cent asymptomatic disease. Sparing of bone mar-
row in patients eligible for autologous stem cell 
transplant is imperative. Disease in weight- 
bearing bones, such as the femur, can be evalu-
ated by orthopedic oncologists for prophylactic 
nailing to prevent fracture.       

  Fig. 13.17    Primary cutaneous B-cell lymphoma (follicle 
center)           

 Case  45-year-old male with primary 
cutaneous B-cell lymphoma of the 
left shoulder 

 Prescription  36 Gy (2 Gy/fraction) 
 Simulation  Patient positioned on stomach with 

arms above his head 
 Treatment 
planning 

 One en face electron fi eld with 
2.5 cm margin on palpable/visible 
disease. 9 MeV electrons prescribed 
to 90 % with 1 cm bolus 
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  Fig. 13.18    A patient with primary cutaneous ALCL of the left back ( a ). The electron fi eld demarcated in purple ( b ). 
The patient 3 months after completing radiation therapy ( c )           

 Case  45-year-old male with 4-month history of painful rash. Biopsy showed a CD30 positive 
lymphoproliferative disorder 

 Prescription  40 Gy (2 Gy/fraction) 
 Simulation  Patient positioned on stomach with arms above his head 
 Treatment 
planning 

 Two en face electron fi elds with 3 cm margin on palpable/visible disease. 9 MeV electrons 
prescribed to 90 % using 1 cm bolus. Junction feathered at 20 Gy 
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a b

  Fig. 13.19    Solitary plasmacytoma of the bone           

 Case  77-year-old male with solitary plasmacytoma of T11 with pathologic fracture 
 Prescription  44 Gy (2 Gy/fraction) 
 Simulation  CT simulation without contrast, supine, and arms up 
 Treatment 
planning 

 3-fi eld 3D plan (PA, RPO, LPO). GTV contoured to include the entire T11 vertebral body 
including extension to pedicles bilaterally (panel  a ,  red contour ). Each fi eld designed with 
custom MLC blocking (panel  b , PA fi eld). Prescription isodose line shown in blue (panel  a ) 

        

  Fig. 13.20    Multiple myeloma           

 Case  74-year-old female with multiple 
myeloma s/p multiple systemic 
therapies with painful left shoulder 
lytic lesions. Left shoulder X-ray 
reveals lytic lesions involving the 
proximal-mid humerus, distal 
clavicle, and scapula 

 Prescription  20 Gy (4 Gy/fraction) 
 Simulation  CT simulation without contrast, 

supine, with the left arm slightly 
akimbo 

 Treatment 
planning 

 2-fi eld 2D plan (AP, PA). Custom 
MLC blocking utilized to avoid 
circumferential limb irradiation 
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14.1  Introduction

In general target delineation is not depending on 
radiotherapy technique, whether 3D conformal, 
IMRT, or rotation techniques are used. Tumor- 
related risk factors such as transcapsular tumor 
spread or tumor grading rather determine the 
extent of target volume delineation. Regarding 
prostate cancer delineation, the determining fac-
tors are clinical tumor extension according to the 
UICC tumor stage, the Gleason score, as well as 
the number of positive biopsies defined by ran-
dom prostate biopsy and the PSA level. The 
European Organization for Research and 
Treatment of Cancer (EORTC) radiation oncol-
ogy group (ROG) developed the first comprehen-
sive guideline on target volume definition for 
primary radiotherapy in prostate cancer which 
was published in 2006. They provide thorough 
information on target and organ at risk volume 
definition, imaging, patient setup, and treatment 
verification (Boehmer et al. 2006). This chapter 
refers to clinical or prognostic risk factors which 
are the commonly known factors as defined 
according to the National Comprehensive Cancer 
Network (NCCN) and Anthony D’Amico.

Table 14.1 summarizes the risk group 
classification.
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14.2  International Commission  
on Radiation Units  
and Measurements (ICRU) 
Volumes Definition

ICRU 50, ICRU 62, and ICRU 82 provide a com-
prehensive definition of target volumes and organs 
at risk (OAR) in radiotherapy. The ICRU 50, pub-
lished in 1993, presented the first concept of stan-
dardizing definitions of target volume delineation 
and organs at risk (International Commission on 
Radiation Units and Measurements 1993). The 
1999 supplement (ICRU 62) introduced addi-
tional volumes that would change the extension of 
target volumes based on published data on inter-
nal organ motion and positioning uncertainties 
(International Commission on Radiation Units 
and Measurements 1999). In its latest modifica-
tion from 2010, the ICRU report 83 takes into 
consideration new developments in imaging 
modalities as well as new radiation techniques 
and their influence on target volume definition 
(International Commission on Radiation Units 
and Measurements 2010).

The gross tumor volume (GTV) comprises the 
macroscopic tumor extension. These are all 
tumor manifestations that are visible clinically as 

defined by the TNM system. Additional informa-
tion is derived from imaging techniques such as 
ultrasound, computed tomography (CT), mag-
netic resonance imaging (MRI), functional MRI, 
or position emission tomography (PET), respec-
tively. It may not only include the primary tumor 
but also lymph node metastases or distant tumor 
manifestations.

The clinical target volume (CTV) is defined as 
the GTV plus a volume that is considered at risk of 
containing subclinical or microscopic disease. The 
extent of this margin differs widely among differ-
ent tumor locations or different tumor histologies. 
Until now there is no consensus on how the risk of 
subclinical disease is defined but typically a prob-
ability of occult disease of 5–10 % is assumed to 
require treatment. The consideration of the conse-
quences of failure and the expected feasibility of 
salvage treatment furthermore influence the clini-
cal judgment (International Commission on 
Radiation Units and Measurements 2010).

The planning target volume (PTV) comprises 
the CTV with an additional margin derived from 
internal organ movement and patient setup error. 
The PTV is the only target structure of which the 
size changes depending on the precision of the 
applied radiotherapy technique. Without any 
measures to determine the exact position of the 
prostate before or during the treatment fraction, 
the CTV–PTV margin should cover the men-
tioned errors to provide a high probability of 
CTV coverage of the applied radiotherapy.

The internal target volume (ITV) was intro-
duced first in the ICRU report 62. The aim was to 
take into account possible changes of the CTV in 
terms of size, shape, and position. In prostate 
cancer these changes may be attributed to vary-
ing volumes of adjacent organs, namely, rectum 
and bladder, which may cause altering CTV 
volumes.

The planning organ at risk volume (PRV) is 
directly associated with the ITV. Due to varying 
filling states of organs at risk, the ITV allows for 
an improved determination of doses received by 
organs at risk during a treatment course. As vol-
umes may vary substantially, a precise measure-
ment of these doses is not possible as the volume 
of an OAR may change not only between 

Table 14.1 Risk group definition according to D’Amico 
and NCCN

Risk 
group Low Intermediate High

NCCN
T-stage cT1c + cT2a 

and
cT2b – 2c 
and/or

cT3 or

PSA <10 ng/ml 
and

>10–20 ng/
ml and/or

>20 ng/ml or

Gleason 
sum

<7 =7 8–10

D’Amico et al. (1997a, 1998, 1999)
T-stage cT1c – 2a 

and
cT2b and/or cT2c – cT3 

or
PSA <10 ng/ml 

and
>10–20 ng/
ml and/or

>20 ng/ml or

Gleason 
sum

<7 =7 8–10

Note that the two classifications differ only by clinical 
stage in intermediate- and high-risk tumors

D. Böhmer
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 treatment fractions but also within a single 
 fraction (inter- and intrafraction deviation). 
Furthermore a larger OAR volume may be advan-
tageous as well as a distinct disadvantage in 
 certain clinical situations. The rectum, for 
instance, may receive a significantly lower dose 
when fully extended by the use of an endorectal 
balloon, as the PTV positioned anteriorly will be 
treated in a constant position. In a systematic 
review, a reduction of the rectal wall dose was 
shown in planning studies when an endorectal 
balloon was used. Yet there are no clinical studies 
to confirm whether rectal toxicities are reduced 
as well (Smeenk et al. 2010). Furthermore an 
extended rectum may shift the prostate anteriorly 
and thus may result in an increased rectal dose 
when no image- guided radiotherapy is applied.

Current randomized trials have used a variety 
of target delineations. Table 14.2 gives an over-
view of the available randomized trials on hypo-
fractionation and dose escalation in primary 
prostate cancer radiotherapy. Obviously the tar-
get volume definition is different in each trial 
although prostate plus seminal vesicles were 

used as the CTV in most trials. The definitions of 
the PTV margins are variable as well, ranging 
from 3 to 20 mm.

The following paragraphs will collect and sum up 
the available evidence on target volume definition.

14.3  Pathological Considerations 
for Prostate Cancer Clinical 
Target Volume Delineation

14.3.1  CTV Delineation in Low-Risk 
Prostate Cancer

Knowledge of the natural spread of prostate can-
cer is crucial for determination of reasonable 
clinical target volumes. The most comprehensive 
data on this issue can be derived from pathologi-
cal studies. The tumor-related bottleneck factors 
for CTV definitions are (a) the presence of extra-
capsular extension (ECE) and (b) seminal vesicle 
invasion (SVI).

In 1997 D’Amico et al. found in a retrospective 
analysis of 749 prostatectomy specimens that the 

Table 14.2 Summary of target volume definitions in the published phase III trials

Phase III trials CTV definition CTV–PTV margin

Arcangeli et al. (2012) Prostate + SV 10 mm uniform
Lukka et al. (2005) Prostate 15, 10 mm at PRI
Pollack et al. (2006) Prostate +9 mm inferiorly + proximal 

SV (intermediate risk); whole SV + LN 
(high risk)

Conv. IMRT: 8, 5 mm at PRI hypo. 
IMRT: 7, 3 mm at PRI

Norkus et al. (2009) Prostate + base of SV 8–10 mm
Yeoh et al. (2011) Prostate 2D-RT: 15, 20 mm 

superior + inferior 3D-RT: 15 mm 
uniform

MD Anderson (Kuban et al. 2008) Prostate + SV Ant. + inf.: 12.5–15 mm post. + 
sup.: 7.5–10 mm

Dutch trial (Al-Mamgani et al. 2011) Prostate ± SV Arm A: 10 mm (68 Gy)
Arm B: 10 mm (68 Gy)
Arm B: 5 mm (last 10 Gy)

PROG96-09 (Zietman et al. 2005) Prostate +5 mm 7–10 mm
GETUG 06 (Beckendorf et al. 2011) 46 Gy: prostate + SV 10 mm (5 mm posteriorly)

Arm A: prostate (24 Gy)
Arm B: prostate (34 Gy)

MRC RT01 (Dearnaley et al. 2007) Low risk: prostate + base of SV +5 mm 
intermediate + high-risk: prostate + SV 
+5 mm

5–10 mm

Hypo-FX hypofractionation, SV seminal vesicles, LN lymph nodes, IMRT intensity-modulated radiotherapy, RT radio-
therapy, PRI prostate–rectum interface
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risk of pathologic SVI as well as macroscopic 
extracapsular tumor extension is only 2 % in low- 
risk patients. They furthermore found that the risk 
of PSA relapse is similar in patients undergoing 
radical prostatectomy or radiotherapy when 
patients without clinical risk factors were included 
(D’Amico et al. 1997b). These factors were defined 
as PSA <10 ng/ml, clinical stage <T2c, and Gleason 
score <7, respectively. Further pathological studies 
confirmed these results (Kestin et al. 2002). Taking 
these findings into account, there is no sensible rea-
son to include the seminal vesicles into the CTV in 
patients with low-risk prostate cancer. As the risk 
of ECE is similarly low, it is obvious to delineate 
the prostate only as CTV defined by the visible 
boundaries on planning computed tomography or 
magnetic resonance imaging. An example of CTV 
delineation is shown in Fig. 14.1b.

Does this hold true for patients with clinical 
risk factors?

14.3.2  CTV Delineation in 
Intermediate- and High-Risk 
Prostate Cancer

To shed light on this question, it is useful to focus 
on the two most relevant factors of tumor recur-
rence after definitive therapy, namely,  extracapsular 
tumor extension and seminal vesicle involvement. 

It is well understood that the risk for these factors 
rises with increasing clinical risk factors. The 
question whether the degree of extracapsular 
extension may influence treatment outcome has 
been addressed by many authors. Just recently 
van Veggel published an outcome study after radi-
cal prostatectomy, focusing on the associated 
pathological ECE evaluation. Evaluation of the 
biochemical relapse rate of 134 patients accord-
ing to different definitions of ECE revealed a sig-
nificant association of the extent of ECE with the 
rate of biochemical relapse rates (van Veggel et al. 
2011). Their results confirmed studies from vari-
ous other authors (Epstein et al. 1993; Wheeler 
et al. 1998; Davis et al. 1999). To be able to apply 
these results to target volume definition in pros-
tate cancer radiotherapy, it is necessary to evalu-
ate the specific amount of extracapsular tumor 
extension. In the largest published series, Teh 
et al. found that, among all prostatectomy speci-
mens with extracapsular tumor extension, only 
2.8 % show an extension of more than 5 mm from 
the capsule (Teh et al. 2003). Several pathological 
studies have confirmed that more than 90 % of all 
patients who present with ECE have a radial 
tumor extension from the capsule of less than 
4–5 mm (Davis et al. 1999; Schwartz et al. 2007; 
Sohayda et al. 2000).

CTV definition of the prostate gland plus an 
additional circumferential margin of 5 mm would 

a b

Fig. 14.1 Typical CT slice in the mid-gland region. Arrows indicate the fat layer at the prostate–rectum interface (a). 
CTV contour of the same CT slice (b)
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thus cover more than 90 % of tumor extensions out-
side the prostate. At the prostate–rectum interface, 
the anterior rectal wall represents a solid boundary 
for tumor cells so that the CTV can be reduced pos-
teriorly. An example is shown in Fig. 14.2.

Kestin and colleagues reviewed 344 prostatec-
tomy specimens with regard to SVI. They found 
that the tumor never involves the whole SV; the 
most distant cancer found was 1.5 cm apart from 
the SV tip. Including the proximal 2 cm of the SV 
into the CTV would include 90 % of pathologi-
cally involved seminal vesicles. In terms of cer-
tainty of CT definitions of the seminal vesicle 
compared to pathological measurements, they 
furthermore found that the two methods are in 
good agreement (Kestin et al. 2002). Given that 
38 % of all patients showed at least one high-risk 
feature, it seems advisable to include the proxi-
mal 2.0–2.5 cm of the seminal vesicles into CTV 
in order to cover more than 90 % of all SVI. 
Finally only 1 % of low-risk patients had an SVI 
which confirms not to include SVs into CTV in 
this patient group. With each prognostic high- 
risk factor, the rate of SVI rises from 15 % with 
one high-risk factor, 28 % with two, to 58 % with 
three high-risk factors, respectively.

With regard to CTV definition, it may be rea-
sonable to include the base of the seminal vesi-
cles (proximal 2–2.5 cm) into the CTV for all 

patients with high-risk features. Yet one must be 
aware that with only one high-risk factor the 
number of patients who are treated with a larger 
CTV without having an SVI is considerably high. 
The treating physician must refer to the available 
data to gain informed consent with the patient.

14.4  CT/MRI and Target 
Delineation

CT scans are still considered standard for target 
delineation. There are two main reasons indicat-
ing that this will not change thoroughgoing 
within the next 10 years. Firstly CT scanners are 
available at the disposal of all radiotherapy units 
and are mainly used as dedicated imaging sys-
tems. Secondly treatment planning systems are 
nowadays continuing to calculate tissue-specific 
doses based on Hounsfield units. Just recently the 
Department of Oncology of the University 
Hospital in Helsinki, Finland, commissioned an 
MRI-only-based treatment planning procedure 
for external beam radiotherapy of prostate cancer 
(Kapanen et al. 2012). Yet the use of MRI-based 
systems across the board will not be realistic 
within the next decade.

Using CT scans for prostate cancer treatment 
planning is known to contain inaccuracies. An 
analysis of the pathologic prostate volume and 
the CTV delineated in 10 patients whose preop-
erative CT scans were available showed an almost 
twofold increase of the respective volumes (Teh 
et al. 2003). Although the significance of this 
result is limited due to the small number of ana-
lyzed CT scans, the issue of volume overestima-
tion must be scrutinized.

It is a well-known fact that CT scans overesti-
mate the “true” prostate volume by 20–60 % 
when compared with MRI scans. Yet there is a 
lack of precise information on the exact regions 
of overestimation. In a multiobserver study on 
CT–MRI prostate delineation, the volume over-
estimation was 40 %, favoring the CT scans. The 
authors point out that the CT volume did not 
encompass the whole MRI volume, indicating 
that the differences in size between CT and MRI 
are not evenly distributed around the delineated 
prostate (Rasch et al. 1999). The largest 

Fig. 14.2 Contouring of the prostate plus a 5 mm margin 
to include the possible periprostatic extension in patients 
with risk factors
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 differences are seen at the apex of the prostate 
where the MRI is able to clearly distinguish 
between the apex, the urogenital diaphragm, and 
the plexus Santorini. The soft tissue contrast in 
MRI allows for an easily visible boundary layer 
just as well at the prostate base, with the higher 
signal intensity of the seminal vesicles compared 
to the prostatic tissue. These two regions showed 
the largest CT–MRI volume differences among 
the observers.

These findings are of crucial relevance in 
terms of target volume definition. Whereas the 
risk of transcapsular extension is very small in 
the anterior or anterolateral parts of the gland, it 
is highest in the posterior and posterolateral parts. 
Thus the periprostatic region at the prostate– 
rectum interface is at the highest risk of tumor 
recurrence when underdosed by radiotherapy.

That implies that we have to focus on the 
CT-based overestimation in these anatomic areas. 
To our knowledge there is no study or paper giv-
ing details about this special issue throughout the 
literature. But we do know that CT can often dis-
criminate precisely the posterolateral area crani-
ally of the apex region where there is usually a 
thin fatty layer between the posterior surface of 
the prostate and the rectal wall. Figure 14.1a 
shows an example of this area. Figure 14.1b 
shows the prostate contour of this CT slice.

Considering a patient with intermediate- or 
high-risk factors who has a substantial risk of 
transcapsular spread and furthermore assuming 
the extracapsular extension to be in most cases not 
larger than 5 mm, the resulting contour for the 
CTV is shown in Fig. 14.2. Note that any anatomic 
boundary such as rectal wall, bone, or muscle rep-
resents a demarcation line which is usually not 
crossed by tumor cells except in locally advanced 
T4 tumors. Thus the CTV contour should include 
this boundary but should not include the given 
organ. Figure 14.3 provides examples of MRI, 
which can be fused with planning CT scans.

14.5  CTV–PTV Margin

The PTV represents a security margin encom-
passing the CTV that considers daily setup errors 
of the patient and the individual internal organ 

motion (see Sect. 14.3.2). This margin may be 
defined uniformly or may be smaller toward the 
prostate–rectum interface.

There is consensus that the PTV is being con-
toured by a computer planning system as an auto-
matically generated margin. The PTV must not 
be generated by hand as for an individual observer 
it is not possible to draw a three-dimensional 
margin encompassing the CTV.

The CTV–PTV margin is depending on the 
type and precision of the verification method of 
the patients’ daily treatment as well as intrafrac-
tion motion but not on the type of therapy, e.g., 

a

b

Fig. 14.3 (a) Magnetic resonance imaging (axial T2 
TSE) of the prostate gland. (b) Magnetic resonance imag-
ing (sagittal T2 TSE) of T3a prostate cancer with infiltra-
tion through the posterior part of the capsule (arrow)

D. Böhmer



297

3D conformal or IMRT. Obviously a daily online 
setup verification and correction requires smaller 
PTV margins compared to an offline verification 
protocol that is performed once or twice weekly. 
Recently image-guided radiotherapy has emerged 
as a tool to verify and if necessary correct the 
patients’ position before each treatment by using 
cone beam CT, ultrasound, intraprostatic fiducial 
markers (Fig. 14.4), or implanted electronic 
devices. These systems are able to minimize 
interfraction motion to a great extent.

There are numerous studies that tried to define 
the CTV–PTV margin based on analyses of the 
number of verifications performed per week. The 
largest study with regard to image guidance and 
inter- as well as intrafraction motion was 

 performed by Kotte et al. (2007). They analyzed 
more than 11,000 measurements of online setup 
verifications of 427 patients who were treated 
with a 5-field IMRT. All patients had implanted 
fiducial gold markers and verification was per-
formed before each treatment session and before 
each treated field. They found that there is sub-
stantial intrafraction motion with 66 % of all 
measurements with a motion outside a range of 
2 mm and 28 % outside a range of 3 mm. The 
authors were able to demonstrate that with a daily 
setup correction, systematic and random setup 
errors were smaller than 1 mm. In conclusion 
they recommend a minimum CTV–PTV margin 
of 2 mm when a daily setup verification of the 
prostate position is performed before each treat-
ment session.

Graf et al. conducted a study on 23 prostate 
cancer patients with implanted gold markers and 
calculated the necessary CTV–PTV margin 
 relative to the frequency of setup verifications 
and corrections (Graf et al. 2009). Table 14.3 
shows their main results.

Margins were calculated using a formula 
developed by van Herk (2004). The key message 
of this analysis states that with daily setup correc-
tions a CTV–PTV margin of 5 mm is appropriate, 
whereas once weekly or no correction requires 
10 mm margins (Graf et al. 2009).

The relevance of a constant or reproducible 
filling status of the rectum and/or the bladder has 
not been of major concern for decades. In 2005 
De Crevoisier published a landmark study of an 
increased risk of biochemical relapse after pros-
tate radiotherapy if the rectum had been dis-
tended (filled) during planning CT. The authors 

Table 14.3 PTV margins calculated from the frequency of setup corrections

Random σ and systematic Σ error [mm] PTV margin [mm]

Direction LR SI AP LR SI AP

Σ σ Σ σ Σ σ
No correction 2.0 2.9 2.7 3.9 2.6 4.3 7.0 9.5 9.5
Correction 1×/
week

1.9 2.8 2.3 3.5 2.4 3.9 6.7 8.2 8.7

Correction 3×/
week

1.6 2.5 1.8 3.0 1.7 3.3 5.8 6.6 7.7

Correction 5×/
week

1.4 2.0 1.4 2.3 1.3 2.2 4.9 5.1 4.8

Adapted from Graf et al. (2009)
LR left–right, SI superior–inferior, AP anterior–posterior

Fig. 14.4 Fiducial gold marker used for image-guided 
radiotherapy. Note that artifacts might influence delinea-
tion of the prostate
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found on multivariate analysis that rectal disten-
sion was an independent risk factor for bio-
chemical failure with a hazard ratio of 3.89 
(95 % CI, 1.58–9.56, p = 0.003) (de Crevoisier 
et al. 2005). This was confirmed in a subgroup 
analysis of the Dutch dose-escalation trial. The 
authors found an increased risk of failure in 
patients with a 25 % risk of seminal vesicle 
involvement and a risk of geometric miss 
defined by anorectal volume >90 cm3 and symp-
toms of diarrhea at least 25 % of the treatment 
time (Heemsbergen et al. 2007).

Results from these studies provide evidence 
that an empty rectum during planning CT pro-
vides improved biochemical control in patients 
undergoing definitive radiotherapy for prostate 
cancer. This involves only patients who are 
treated with conventional verification techniques, 
e.g., offline correction protocols. In the case of 
image-guided radiotherapy, the risk of a geo-
graphic miss is reduced substantially because the 
image guidance positions the prostate irrespec-
tive of the distension of the rectum.

The relevance of patient instructions with 
regard to constant filling status of the rectum and 
bladder was explored in a study to evaluate 
whether this patient preparation yields an 
improvement of target stability. The authors were 
able to demonstrate that with proper patient 
instructions, the calculated CTV–PTV margins 
would be as low as with image-guided radiother-
apy (Graf et al. 2012).

In summary, CTV–PTV margins must be 
adapted to the type of patient setup verification 
and the frequency of these verifications. With 
regard to treatment precision in prostate cancer 
radiotherapy, radiation oncologists may select 
from a variety of verification options, namely, 
implanted fiducial markers or electronic devices, 
cone beam or MV-CT, or ultrasound However, 
these procedures are not yet available throughout 
the radiotherapy community.

The significance of bladder and rectal filling 
status is important and may help to reduce 
deviations in the position and shape of the 
prostate.
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15.1            Cervical Cancer 

15.1.1     Anatomy, Pathology 

 The uterus consists of the body and cervix, which 
are connected by the isthmus. The cervix is a 
fi bro-glandular structure connecting the uterus 
with the vagina and divided into the ectocervix, 
which is covered with squamous epithelium, and 
endocervix lined with glandular epithelium. The 
principal supporting ligaments of the uterus are 
the broad, round, uterosacral, and cardinal liga-
ment, which are common pathways of invasion in 
cervical cancer. 

 The uterus derives its blood supply from sev-
eral sources that form a rich network of anasto-
mosing vessels. The primary blood supply is 
from the uterine artery, an anterior branch of the 
internal iliac artery. The uterine artery enters the 
uterus after crossing the ureter at the isthmus/
level of the internal os. The ovarian artery enters 
at the level of the fundus through the ovarian liga-
ment. Vaginal arteries anastomose with the uter-
ine vessels inferiorly. 

 Lymphatic vessels form a rich subserosal 
plexus that drains from four trunks. The more 
superior vessels travel through the broad ligament, 
parallel to the fallopian tube, and drain to the 
external iliac nodes. More inferiorly, the vessels 
cross through the broad ligament to the nodes at 
the bifurcation of the common iliac into the inter-
nal and external iliac vessels. At the junction of the 
fallopian tube and the uterine body are trunks that 
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may pass directly to the para-aortic lymph nodes 
through the ovarian pedicle. Lymphatics near the 
round ligament can pass directly along the liga-
ment to the femoral lymph nodes.  

15.1.2     Routes of Spread 

 Cervical cancer spreads by local extension along 
adjacent ligamentous structures of the parametria 
and uterosacral and cardinal ligaments, along the 
endocervix to the corpus and distally to the 
vagina. 

 Lymphatic spread in cervical cancer occurs pre-
dominantly through the lateral and posterior lym-
phatic trunks (Fig.  15.1 ) along the obturator, 
external, and internal iliac nodes and less com-
monly to the superior rectal and presacral nodes. 
Lymphatic spread generally progresses sequen-
tially from echelon to echelon. Obturator nodes, 
which are part of the medial external iliac nodes 
(located near the obturator internal muscle) (Walsh 
et al.  1980 ), drain to the more proximal external 
iliac, common iliac to para-aortic nodes, and fi nally 
through the cisterna chyli at the level of L1–L2 to 

the left supraclavicular nodes. Spread through the 
posterior trunk to the superior rectal and presacral 
nodes also occurs, particularly in advanced tumors. 
Among the visceral lymph nodes, the parametrial 
nodes are commonly involved.   

15.1.3     Imaging Modalities 

15.1.3.1     Computed Tomography 
 CT remains the most widely used diagnostic 
imaging modality for staging and is the most fre-
quently employed imaging modality for target 
delineation in cervical cancer. It is excellent in 
delineating lymph node regions (although its 
accuracy to differentiate normal from tumor- 
involved nodes is inferior to PET/CT). CT read-
ily depicts the morphology of presacral target 
tissues and normal structures, including the small 
and large bowel, bladder, other abdominal organs, 
kidneys, and bone. CT is superior in delineating 
surgical clips and implanted vaginal gold mark-
ers. CT allows delineation of the uterus but does 
not differentiate tumor from the normal uterus, 
which generally is suffi cient for the purposes of 

  Fig. 15.1    Lymphatic drainage of the cervix. The lym-
phatic trunks are presented and lymph node echelons are 
tabulated.  2 Obturator  ln  are part of the medial subgroup of 
the external ilian  ln , located close to the obturator internus 
muscle.  1 The term  hypogastric  node is used variably, to 

describe the most cephalic of the internal iliac nodes or 
the entire internal iliac node chain (2). Adapted from 
Plentl AA, Friedman EA, Lymphatic system of the female 
genitalia. Philadelphia. WB Saunders, 1971 p.83.       

Obturator

Upper 
branch

Inter-iliac

Para-aortic

Pre-aortic
Preseacral

Internal iliac

Common iliac

Perirectal

Middle 
branch

Lowest 
branch

External iliac

Cervical lymphatics drain in 3 dominant lymphatic trunks: 
lateral trunk (the largest), posterior and anterior trunk.  

The lateral trunk (Figure on left) 
consists of:        →  drains to :
- upper branch →  upper internal iliac LN1)

- middle branch →  obturator LN2)

- lowest branch →  gluteal, common iliac, presacral LN 
The posterior trunk →  superior rectal LN 

→  sub-aortic LN (sacral promontory) 
The anterior trunk →  distal external iliac 

Lymphatic spread occurs in stepwise fashion successively
from echelon to echelon. LN spread along lymphatic
echelons includes:    
- obturator LN → external iliac → common iliac
→ para-aortic 
internal iliac → common iliac → para-aortic 

Adapted from Plentl AA, Friedman EA, Lymphatic system of the female genitalia. Philadelphia. WB Saunders, 
1971 p.83.
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external beam radiation. However, substructures 
of the uterus, cervix, isthmus, corpus, and fundus 
are challenging to delineate on CT. Because of its 
lacking tissue differentiation between the tumor 
and normal soft tissue structures, CT is limited in 
delineating the tumor extent within the uterus. Its 
accuracy in parametrial involvement is inferior 
compared to MRI (Mitchell et al.  2006 ; Subak 
et al.  1995 ). Therefore, MRI is the preferred 
imaging modality for high-precision delineation 
of the primary tumor/extent as required for 
image-guided brachytherapy.  

15.1.3.2       Magnetic Resonance 
Imaging (MRI) 

 High-precision assessment of the primary tumor 
volume and extent is best assessed by MRI in cervi-
cal cancer (Bhosale et al.  2010 ; Balleyguier et al. 
 2011 ; Hricak  1991 ). With its superior soft tissue 
contrast, MRI is superior to CT in delineating the 
tumor within the cervix and differentiating it from 
the uterus and adjacent pelvic tissues, including 
bladder invasion, parametrial extension, and rectal 
and perirectal involvement (Mitchell et al.  2006 ; 
Subak et al.  1995 ). This high precision is particularly 
important for image-based brachytherapy, more so 
than in external beam radiation, where target vol-
umes include the parauterine structures. Vaginal 
extension is more accurately delineated by MRI 
(Sala et al.  2007 ). MRI is superior to CT in assessing 
serial subtle morphologic changes in tumor volume/
extent (Mayr et al.  2010 ), which is relevant for lon-
gitudinal imaging during therapy for adaptive ther-
apy and for image-guided brachytherapy. 

 For the assessment and morphologic depic-
tion of regional lymph nodes and postoperative 
seromas, CT and MRI are generally equivalent 
(Mitchell et al.  2006 ; Subak et al.  1995 ). For 
both CT and MRI, the identifi cation of  involved  
lymph nodes is limited to morphologic crite-
ria, including shape and internal architecture. 
Confi guration criteria for involvement include 
size (>1 cm in short axis), short-axis-to-long-
axis ratio (i.e., more round shape is more consis-
tent with involvement), and margin irregularity. 
Architectural criteria include central necrosis on 
contrast-enhanced CT (Yang et al.  2000 ) or MRI, 
signal intensity irregularity on T2-weighted MRI 

(Brown et al.  2003 ), and loss of the fatty hilum 
(Koh et al.  2006 ). With the overall limited accu-
racy, a combination of size, confi guration, and 
internal architecture should be used. 

 MRI is helpful in identifying incidental, non-
tumor- related fi ndings that may infl uence therapy 
including distortion or retroversion of the uterus, 
fi broids, ovarian fi ndings, and other pelvic abnor-
malities. The cervical tumor is best delineated on 
T2-weighted imaging, fast spin echo, or turbo 
spin-echo sequences, which provide high resolu-
tion, while gradient echo sequences are more sus-
ceptible to artifacts. T2-weighted sequences are 
superior to T1-weighted and contrast-enhanced 
imaging (Sironi et al.  1993 ). Diffusion imaging 
may be helpful, particularly when T2-weighted 
images are equivocal (Charles-Edwards et al. 
 2008 ). The use of 3 T MRI does not improve the 
accuracy over 1.5 T (Hori et al.  2009 ).  

15.1.3.3     Positron Emission 
Tomography (PET) 

 The staging and target delineation of cervical 
cancer have been further advanced by the intro-
duction of fl uorodeoxyglucose ( 18 F)(FDG) PET 
and PET/CT. While CT and MRI identify lymph 
node involvement, assessment is limited to mor-
phologic size and architectural criteria. The met-
abolic characterization of lymph nodes by PET/
CT provides the most sensitive assessment of 
pelvic and para-aortic lymph node involvement.  

15.1.3.4     Imaging–Surgical–Pathology 
Correlations 

 In imaging–surgical–pathology correlation stud-
ies, CT has been reported to have an accuracy of 
70–80 % for evaluation of lymph node involve-
ment based on size. Accuracy improves to 93 % 
with a cutoff value of 1 cm (Hawnaur  1993 ; 
Hardesty et al.  2001 ; Bellomi et al.  2005 ). 

 In MRI–pathology correlation studies, MRI 
has been shown to provide better staging than 
clinical exam in early stage cervical cancer 
(Bhosale et al.  2010 ; Balleyguier et al.  2011 ; 
Hricak  1991 ). For tumor volume and delineation, 
MRI–histologic correlation was found to be 98 % 
in comparisons of tumor volume from 3D MRI 
with digitized giant histologic tissue sections 
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(Burghardt et al.  1989 ; Greco et al.  1989 ). These 
studies established the high accuracy of MRI for 
the delineation of tumor extent in cervical cancer. 
In surgical–pathology correlation studies, MRI 
showed better sensitivities (40–57 %) and speci-
fi cities (77–80 %) than CT for parametrial inva-
sion (Siegel et al.  2012 ). 

 The sensitivity for PET ranges from 79 to 
91 % (Siegel et al.  2012 ) with most misses related 
to microscopic involvement (Lin et al.  2003 ). 
PET/CT, with the added spatial resolution from 
CT, has a sensitivity of 58–72 %, a specifi city of 
93–99 %, and an accuracy of 85–99 % for lymph 
node involvement in cervical cancer (Choi et al. 
 2006 ; Sironi et al.  2006 ).   

15.1.4     Target Delineation 

15.1.4.1      Simulation Procedure 
 For cervical cancer, it is critical to incorporate the 
information from  both  imaging  and clinical  ( pel-
vic )  examination  into the radiation therapy plan-
ning. Visible and/or palpable and mucosal vaginal 
involvement is essentially impossible to assess 
by axially oriented CT imaging and can also be 
missed on MRI. Placement of radiopaque seed 
markers into the cervix or into the most distal vis-
ible or palpable vaginal tumor extent assists the 
delineation and the target volume design. Gold 
markers are recommended for this purpose as fer-
romagnetic materials will cause metallic artifacts 
on MRI preventing proper imaging. A dry tam-
pon, which provides negative contrast for CT or 
MRI, is a simple method to delineate the vagina 
and lower extent of the cervix/tumor. However, 
rigid vaginal markers, rectal markers, and rectal 
contrast administration are not recommended as 
they may cause upward displacement of the cer-
vix and distension of the rectum with ensuing 
displacement of the cervix, respectively. If target 
delineation is based on such displaced anatomy, 
geographical tumor miss may occur during actual 
treatment, as daily therapy is delivered without 
markers/rectal distension. Vaginal tampons have 
been shown to not cause displacement (Weidner 
et al.  1999 ). If excessive rectal distention is noted 
at the time of simulation, repeat scanning after 
evacuation or bowel preparation regimen may 

increase target reproducibility. This is particu-
larly important in postoperative radiation therapy, 
where mobility of the vaginal target has been 
well documented and overall target volumes in 
the pelvis tend to be smaller (Chan et al.  2008 ; 
Taylor and Powell  2008 ). 

 For CT simulation, intravenous contrast is help-
ful for the differentiation of regional lymph nodes 
from vessels, depiction of nodal architecture (see 
Sect.  1.3.2 ), and delineation of the bladder. Oral 
contrast given 1–1.5 h before the simulation can 
improve differentiation of the bowel from lymph 
nodes (Figs.  15.2 ,  15.3 ,  15.4 ,  15.5 ,  15.6 , and  15.7 ), 
vascular structures, and tumor. However, the effect 
on dose calculations (Williams et al.  2002 ) has to 
be addressed during dosimetry by correcting the 
inhomogeneity value of the contrast-opacifi ed 
bowel to water density. For MRI simulation, 
T2-weighted sequences to delineate the primary 
tumor, parametria, vagina, and lymph nodes with-
out contrast are used, as the bladder and bowel are 
readily delineated on these sequences. Contrast is 
not needed for primary tumor delineation.       

 If IMRT is used, two scans, one with full and 
one with empty bladder, are highly recom-
mended, particularly in postoperative patients. 
This allows delineation of an internal target vol-
ume (ITV) accounting for interfractional organ 
motion from random organ motion and variable 
bladder and rectal fi lling (Chan et al.  2008 ; Taylor 
and Powell  2008 ). Full/empty bladder scans are 
discussed in more detail in Sect.  2.4.2 .  

15.1.4.2       Target Volume Delineation 
 Guidelines for target delineation have been developed 
by the RTOG (Lim et al.  2011 ;  Small ; Small et al. 
 2008 ) and are used in RTOG and GOG studies. 

 The  primary tumor GTV  includes the cervical 
tumor and parametrial and vaginal tumor exten-
sions (if MRI is used). If CT is used, which can-
not differentiate tumor from the normal uterus, 
the entire uterus may have to be delineated as 
GTV, as well as CT evidence of parametrial and 
vaginal tumor extensions (Fig.  15.6 ). 

 The  primary tumor CTV  includes the cervix (if 
not already included in the GTV), uterus, parame-
tria, ovaries, and a vaginal margin of at least 2 cm 
distal to the cervix or lowest vaginal tumor extent 
based on imaging evidence and per implanted 
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markers (Fig.  15.6d ). The boundaries of the para-
metria extend from the upper border of the fallo-
pian tube superiorly to the pelvic fl oor muscles 
inferiorly and the posterior wall of the bladder 
anteriorly to the mesorectal fascia and uterosacral 
ligaments posteriorly. Separate delineation of the 
parametria is challenging on CT and is not man-
datory because the PTV usually encompasses the 
intervening tissues between the uterus and the 
lymph node target at the pelvic side wall 
(Fig.  15.6b ). If uterosacral ligaments are involved 
by palpation or imaging, the mesorectum and 
perirectal lymph nodes should be included. 

 In patients with known involved lymph node(s), 
the  lymph node GTV  contour encompasses the 
involved node on CT or MRI. Contrast CT to char-
acterize the involved nodes by internal architec-

tural features and/or necrosis or close consideration 
to architectural MRI features (Sect.  1.3.2 ) can be 
helpful. Coregistration of PET and PET/CT (even a 
diagnostic scan) is most useful in identifying and 
localizing the involved node(s). However, the 
delineation should be based on its morphologic 
geometry and margin on the CT or MRI. 

 The  lymph node CTV  contour encompasses the 
iliac vessels and pelvic lymph nodes, including 
obturator, external iliac, internal iliac, and com-
mon iliac lymph nodes (Figs.  15.2 ,  15.3 ,  15.4 , 
 15.5 , and  15.6 ) and 0.7 cm of the perinodal tissue 
for uninvolved and 1.5 cm for involved lymph 
nodes. Psoas and piriformis muscles at the pelvic 
wall and bone are excluded if the lymph nodes are 
uninvolved. The intraperitoneal small bowel is 
excluded (Figs.  15.2 ,  15.3 ,  15.4 , and  15.5 ). 

  Fig. 15.2    Contouring of the upper common iliac lymph 
node target. ( a ) The right and left common iliac arteries 
and veins are seen at the level just below the aortic bifur-
cation. The different contrast properties of the barium in 
the small bowel, compared to vascular contrast, help dif-
ferentiate bowel from vessels and nodal structures. ( b ) 
The vessels and adjacent lymphatic regions have been 
contoured ( aqua ) for reference. The lymph node CTV is 

shown in green. ( c ) Separate delineation of the vessels and 
lymph nodes ( aqua ) may not be needed. Instead the lymph 
node CTV ( green ) can be outlined directly at a distance of 
0.7 cm from vessels/nodes using the circle cursor ( arrow ), 
set at 0.7 cm, or a similar drawing tool ( c ), simultaneously 
excluding psoas, bowel and bone in uninvolved lymph 
node sites. ( d ) For the lymph node PTV ( red ) a margin of 
0.7–1 cm is added to the CTV       

a b

c d

 

15 Gynecological Cancer



306

Surgical clips and seromas (Mayr et al.  2011 ) are 
included where applicable. The superior extent of 
the lymph node CTV is typically 0.7 cm below 
the L4/L5 interspace (so that the PTV, which adds 
0.7 cm, extends to the L4/L5 interspace). 

 However, the traditional 2D-based landmark of 
L4/L5 has been challenged as the upper border of 
the common iliac nodes. Signifi cant viability 
of the aortic bifurcation has been found, and 40 % 
of common iliac lymph nodes are reported to be 
located above the L4/L5 interspace (Marnitz et al. 
 2006 ). Therefore, the superior border of the lymph 
node target should be individualized. If high com-
mon iliac lymph nodes are involved and no lymph 
node dissection has been performed, inclusion of 
the para-aortic lymph nodes should be considered. 
The inferior extent of the nodal target is just proxi-
mal to the inguinal canal, which represents the 
lower extent of the external iliac nodes. The presa-
cral lymph nodes are included by contouring a 

1–2 cm margin of tissue anterior to the sacrum 
from the sacral levels of S1–S3 (Figs.  15.4  and 
 15.5 ); this volume also includes the insertion of 
the uterosacral ligaments. 

 For the  PTV , an additional margin of 1.5–2 cm 
is added to the CTV, which varies based on the 
degree of image guidance and modality (IMRT 
vs. 3D CRT) used. The distal vaginal margin adds 
1 cm to the vaginal PTV, resulting in a total of 
3 cm margin from the GTV. The sum of the pri-
mary tumor PTV and lymph node PTV results in 
a confl uent fi nal PTV that encompasses the nodal 
regions, tumor, uterus and parametria, uterosac-
ral ligaments, and presacral lymph nodes 
(Fig.  15.6 ). 

 For the  postoperative target , which is described 
in more detail in Sect.  2.4.2 , vaginal, paravaginal, 
and parametrial CTVs are contoured. Delineation 
of the lymph node CTV follows the same princi-
ples as for intact cervical cancer.  

  Fig. 15.3    Contouring of the mid common iliac lymph node 
target. ( a ) The right and left common iliac arteries, veins 
and lymph nodes are seen medial to the psoas muscles with 
bowel ( arrows ) in close proximity. ( b ) The left common  
iliac vein ( short arrows ) is sectioned longitudinally. Vessels 

and adjacent lymphatic regions have been contoured ( aqua ) 
for reference. ( c ) The CTV ( green ) again adds a 0.7 cm 
margin to vessels and adjacent lymphatic tissue, excluding 
small bowel and psoas. ( d ) For the lymph node PTV ( red ) 
an additional margin of 0.7 cm is added to the CTV       

a

c

b

d
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15.1.4.3     Critical Normal Tissue 
Delineation 

 Normal structures including the rectum (up to the 
rectosigmoid junction), bowel including the large 
bowel above the rectum, and intraperitoneal con-
tents (small bowel and mesentery) within 5 cm 
above the upper border of the target volume, as well 
as the bladder and femoral heads, are contoured.    

15.2     Endometrial Cancer 

15.2.1     Anatomy, Pathology 

  Pathology 
 The most common histology is adenocarcinoma; 
less common histologies include adenosqua-
mous, squamous cell, and mucinous carcinoma. 
Histologies that infer a worse prognosis and have 
altered routes of spread include carcinosarcomas, 

papillary serous carcinomas, and clear cell 
carcinomas. 

 The uterus derives its blood supply from sev-
eral sources that form a rich network of anasto-
mosing vessels. The primary blood supply is 
from the uterine artery, an anterior branch of the 
internal iliac artery. The uterine artery enters the 
uterus after crossing the ureter at the isthmus/
level of the internal os. The ovarian artery enters 
at the level of the fundus through the ovarian liga-
ment. Vaginal arteries anastomose with the uter-
ine vessels inferiorly. 

 Lymphatic vessels form a rich subserosal 
plexus that drains from four trunks. The more 
superior vessels travel through the broad liga-
ment, parallel to the fallopian tube, and drain to 
the external iliac nodes. More inferiorly, the ves-
sels cross through the broad ligament to the nodes 
at the bifurcation of the common iliac into the 
internal and external iliac vessels. At the junction 

  Fig. 15.4    Contouring of the upper external and internal 
iliac lymph node target. ( a ) At the level just below the 
bifurcation of the common iliac arteries and veins, the 
right and left external and internal iliac arteries, veins and 
lymph nodes are seen medial to the psoas muscles. 
( b ) Vessels and lymph nodes are contoured for reference 

( aqua ). ( c ) The CTV ( green ) adds a 0.7 cm margin to ves-
sels and adjacent lymphatic tissue, excluding small bowel 
and psoas. ( d ) For the lymph node PTV ( red ) adds an 
additional margin of 0.7. In addition a 2 cm strip of tissue 
anterior to the sacrum ( arrow ) is added to include the pre-
sacral lymph nodes       

a

c

b 
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of the fallopian tube and the uterine body are 
trunks that may pass directly to the para-aortic 
lymph nodes through the ovarian pedicle. 
Lymphatics near the round ligament can pass 
directly along the ligament to the femoral lymph 
nodes, although this is rare.   

15.2.2     Routes of Spread 

 Endometrial carcinomas initially spread locally, 
traveling along the mucosa or invading into the 
myometrium and at times into the cervix. Direct 
extension into the parametria, bladder, or rectum 
can occur as can peritoneal spread via the fallo-
pian tubes or through direct serosal extension. 
Hematogenous spread occurs primarily to the 
lung and liver. 

 A landmark surgicopathologic study was 
published by the Gynecologic Oncology Group 
and to this day remains the standard work on 
spread of stage I and occult stage II endometrial 
carcinoma (Creasman et al.  1987 ). It demon-

strated that the likelihood of spread outside the 
uterus depends on a combination of factors 
including grade and depth of myometrial inva-
sion. Overall, in those patients thought to have 
disease confi ned to the uterus, 22 % had extra-
uterine disease including 11 % with pelvic and/
or para-aortic disease, 12 % with positive 
abdominal cytology, 5 % with adnexal involve-
ment, and 6 % with gross peritoneal disease. It is 
important to note, however, that the more serious 
prognosis and different routes of spread seen by 
papillary serous and clear cell carcinoma were 
not recognized at the time of this study, and 
those tumors were not separated and evaluated 
independently. Unlike cervical cancer, lymphatic 
spread is not limited to a strictly sequential pat-
tern from pelvic to para- aortic lymph nodes, but 
can occur directly to the para-aortic nodes 
through the lymphatics along the ovarian ves-
sels, particularly when extensive tumor is pres-
ent in the upper corpus or fundus. 

 Tumors with more aggressive histologies tend 
to metastasize to the lymph nodes and peritoneum, 

  Fig. 15.5    Contouring of the mid external and internal 
iliac lymph node target. ( a ) Below the level in Fig.  4  exter-
nal iliac vessles and nodes are seen anteriorly, internal 
iliac posteriorly and con. ( b ) Vessels and lymph nodes and 

lymph node CTV ( green ) are contoured as in Figs.  3 – 4 . 
( d ) For the lymph node PTV ( red ) adds an additional mar-
gin of 0.7. and a 2 cm strip of tissue anterior to the sacrum 
as in Fig.  4        

a

c

b
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including the upper abdomen, more commonly, 
although differentiating the behavior of these 
tumors from aggressive grade 3 tumors is contro-
versial (Alektiar et al.  2002 ). 

 Contemporary surgical management includes 
evaluation of the abdominopelvic cavity with tar-
geted biopsy, collection of peritoneal fl uid for 

cytology, and extrafascial hysterectomy and 
bilateral salpingo-oophorectomy. 

 Lymph node dissection is now predicated 
on risk of nodal spread. Distally, the dissection 
extends to the circumfl ex iliac vein and proxi-
mally to the bifurcation of the aorta into the 
common iliac vessels. Laterally, the dissection 

  Fig. 15.6    Contouring of the GTV and distal lymph node 
target. ( a ) The cervical tumor and uterus ( blue ), bladder 
( yellow ) and rectum ( light green ) are contoured. Precise 
delineation of paramtrial extension is challenging with CT 
and indistinguishable fro parametrial lymph nodes and 
vessels. ( b ) Delineation of the external and internal iliac 
lymph nodes ( aqua ) and shows that extension to the 
paramtetrial nodal regions ( arrows in  ( a )) can be confl uent 

with obturator and medial internal iliac node lymph node 
regions. ( c ) The lymph node CTV is countoured ( green ). 
( d ) The fi nal PTV ( red ) includes the nodal regions and a 
1–1.5 cm margin around the cervical tumor/uterus, allow-
ing partial bladder and rectal sparing. ( e ) A coronal view 
of the total PTV shows the lymph node CTV, cervical 
tumor/uterus GTV. The vagina is well delineated using a 
dry tampon        
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extends to the genitofemoral nerve that runs along 
the pelvic sidewall and medially to the superior 
vesical artery. The most posterior landmark is 
the obturator nerve. If the intention is to sample 
the para-aortic nodes, the dissection extends 
cephalad either to the inferior mesenteric artery 
(IMA) or the renal vessels. Two large random-
ized trials did not demonstrate an improvement 
in survival with surgical staging (Group  2009 ; 
Benedetti Panici et al.  2008 ), and only 30–40 % 
of patients have formal dissection in the United 
States (Sharma et al.  2011 ). The outlines of the 
dissection should refl ect the target for irradiation 
if it is to substitute for nodal treatment or if added 
for potential residual disease postoperatively. 

 Familiarity of the nodal risk based on uterine 
risk factors such as depth of invasion, grade, and 
lymphovascular space invasion is essential to 
assist in the decision to recommend pelvic irra-
diation in the absence of nodal dissection. What 
determines an adequate level of risk is debatable, 

but generally the chance of serious complications 
from irradiation such as chronic bowel or bladder 
complaints or lymphedema is reported in the 
2–10 % range (van Creutzberg et al.  2000 ; Keys 
et al.  2004 ).  

15.2.3     Imaging Modalities, 
Surgical–Pathology 
Correlation 

 Available imaging modalities have limitations in 
detecting spread of disease, as spread in most 
patients is microscopic. Local/regional staging is 
commonly performed utilizing CT with and 
without intravenous contrast and with bowel con-
trast. CT has been reported to have an accuracy of 
70–80 % for evaluation of nodal disease based on 
size. Accuracy improves to 93 % with a cutoff 
value of 1 cm (Hawnaur  1993 ; Hardesty et al. 
 2001 ; Bellomi et al.  2005 ), and CT is the main 

  Fig. 15.7    Contouring of the postoperative target: vaginal 
tissues. ( a ) The vaginal tissues can extend well above the 
vaginal markers or tampon ( arrows ). The upper extent of 
the vaginal tampon is visible ( middle arrow  in  a ); ( b ) 
shows a more superior section. ( c ) The vaginal cuff is con-

toured ( pink ). ( c ) Coronal view shows the full superior 
extent of the vaginal tissues; bowel is displaced from the 
target by bladder ( yellow ) fi lling on the right, but close to 
the vagina on the left        
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modality to delineate lymph node regions and 
normal structures. 

 In patients treated for intact endometrial can-
cer, MRI is excellent in assessing the extent of 
myometrial and cervical invasion and extrauter-
ine extension (Shin et al.  2011 ; Cade et al.  2011 ; 
Whittaker et al.  2009 ), which may determine 
treatment regimens and the decision for brachy-
therapy alone versus combined external plus 
brachytherapy. In addition, response of the tumor 
to external radiation can be assessed to individu-
alize brachytherapy planning. 

 The ( 18 F)PET/CT has demonstrated a 78 % 
sensitivity and a 93 % negative predictive value. 
An ongoing GOG study is evaluating the role of 
PET/CT in cervical and endometrial carcinoma 
(Signorelli et al.  2009 ). Magnetic resonance 
imaging (MRI) has demonstrated a 75–90 % 
accuracy rate in assessing nodal spread and inva-
sion into the cervix or myometrium (Rockall 
et al.  2005 ; Messiou et al.  2006 ).  

15.2.4     Target Delineation 

 The principles of target delineation for defi nitive 
radiation to the intact uterus follow that of cervi-
cal cancer. As primary surgical management is 
far more common than defi nitive radiation for 
uterine cancer, this chapter will focus on largely 
delineation of the postoperative target. 

 Defi ning the target for postoperative pelvic 
radiation has been the subject of investigation 
and has sparked national trials (RTOG study 
0418) and an atlas (  http://www.rtog.org/CoreLab/
ContouringAtlases/GYN.aspx    ) for the postoper-
ative treatment of cervical or uterine carcinomas 
(Small et al.  2008 ; Jhingran et al.  2012 ). 

15.2.4.1     Simulation Procedure 
 Computed tomography should be performed, 
preferably with intravenous contrast. Bowel 
contrast can be helpful as well, as long as dosi-
metric adjustments of the high-density contrast 
in the bowel are made, which can affect dose 
calculations (Williams et al.  2002 ). Consideration 
should be given to a bowel regimen to minimize 
stool and gas prior to simulation, as excessive 

distension displaces the vaginal target anteri-
orly. If the patient subsequently experiences 
diarrhea, posterior movement of the vagina can 
lead to exclusion of the target from the PTV 
(planning target volume). If excessive rectal dis-
tention is noted at the time of simulation, repeat 
scanning after evacuation or bowel prep may 
increase target reproducibility. Alternatively, 
including more of the anterior rectal wall in the 
CTV (clinical target volume) can be considered, 
but without image- guided radiation therapy, 
there is the concern that alteration of the rectal 
fi lling will lead to excessive variability in vagi-
nal position.  

15.2.4.2       Target Volume Delineation 
for Postoperative 
Endometrial Cancer 

 The  postoperative CTV  should include the drain-
ing lymph nodes as outlined above including the 
common, external, and internal iliac vessels with 
a 0.7 cm margin with the upper border as dis-
cussed for cervical cancer (Sect.  1.4.2 ) typically 
0.7 cm below the L4/L5 interspace. Contouring 
of the presacral region to the bottom of S3 should 
be included for patients with cervical stromal 
invasion. Inferiorly, the nodal contours will split 
into a right and left contour, and when the inter-
nal iliac vessels are more diffi cult to visualize, 
the contours should extend from the external iliac 
node region anteriorly to the piriformis muscle 
posteriorly. The nodal CTV continues until the 
level of the femoral heads, just before the exter-
nal iliacs exit the pelvis. For postoperative radia-
tion, there is no GTV. 

 An  internal target volume  ( ITV ) is recom-
mended by RTOG 0418 to account for motion of 
the vaginal structures with variable bladder fi lling. 
This is accomplished by performing the simula-
tion CT with both a full and an empty bladder, 
contouring the CTV and merging the vaginal 
CTVs, thereby including the vagina and vaginal 
cuff with both scenarios. Care should be taken to 
include all vaginal tissue which at times can extend 
superiorly to the vaginal marker. The lateral extent 
of the vaginal CTV should extend to the pelvic 
musculature, and the upper 3 cm of the vagina 
should be contoured, or alternatively the CTV 
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should be extended to 1 cm above the bottom of 
the obturator foramen, whichever is lower. 

 For the  lymph node CTV , as for cervical cancer, 
the typical volume expansion from the vessels and 
lymph nodes is 0.7 cm and excludes the bone and 
the psoas and piriformis muscles but should 
include any visible lymph nodes or pertinent clips 
from surgical dissection (Messiou et al.  2006 ). At 
times, large lymphoceles are noted on the postop-
erative CT, and these should be included in the 
CTV. However, with a negative dissection, the risk 
of tumor contamination is low, and it should be 
noted that inclusion of the lymphoceles into the 
CTV will decrease normal tissue sparing. Anterior 
to the vertebral bodies and the sacrum, the CTV 
should include 1.5 cm of tissue while excluding 
the bone. It is not necessary to extend the CTV into 
the sacral foramina, but caution should be used to 
include the potential space medial to the psoas 
muscle and lateral to the vertebral body (Fontanilla 
et al.  2013 ). 

 The  para - aortic CTV  is contoured if the para- 
aortic nodes have not been sampled or if involved 
nodes are found. The vertebral interspace of the 
level T11/T12 vertebra has been historically the 
upper extent of the treatment volume, for surgical 
dissection extends to the inferior mesenteric 
artery or renal vessels. If concurrent chemother-
apy is given, consideration should be given to 
lowering the fi elds below the T11/T12 level. The 
cisterna chyli lies posterior to the aorta just supe-
rior to the renal vessels, anterior to the fi rst or 
second lumbar vertebra. 

 For the  PTV , variability exists in recommen-
dations for the PTV margin. RTOG 0418 recom-
mended a 0.7 cm margin on the nodal and vaginal 
CTV/ITV, but earlier studies, especially those 
without an ITV, used margins of 1 cm (Lujan 
et al.  2003 ; Georg et al.  2006 ). Without an ITV, 
consideration should be given to daily image 
guidance or larger PTV margins. Motion studies 
have demonstrated differential movement later-
ally and anteriorly/posteriorly, and target motion 
has ranged from 1.5 to 2.3 cm, primarily due to 
bladder fi lling and emptying (Jürgenliemk- 
Schulz et al.  2011 ; Harris et al.  2011 ). Positional 
change with rectal fi lling/emptying has been 
variably reported.  

15.2.4.3     Target Volume Delineation 
for Intact Endometrial Cancer 

 Treatment with external beam and/or brachyther-
apy for medically inoperable uterine carcinoma 
has not received the same scrutiny as medically 
inoperable uterine cancer is uncommon. 
However, guidelines for external beam irradia-
tion generally mimic those recommended for 
intact cervical carcinoma. 

 For  brachytherapy in intact uterine cancer , 
several different brachytherapy systems are avail-
able for intact uterine cancer, including single 
tandem, dual tandem (Y-tandem), triple tandem, 
and Heyman packing (Nag et al.  2000a ; Coon 
et al.  2008 ; Bauer et al.  1991 ; Weitmann et al. 
 2005 ). In addition, both low-dose-rate and high-
dose- rate deliveries are acceptable. 

 The system used should be chosen based on 
the ability to cover the tumor and full uterine 
wall and vaginal thickness (Mock et al.  1998 ). 
With new MRI imaging, the ability to discern the 
location and depth of tumor invasion is far more 
sophisticated (Shin et al.  2011 ; Cade et al.  2011 ; 
Whittaker et al.  2009 ). The choice between 
ovoids and cylinder for coverage of the vagina 
depends on preference, unless there is vaginal 
extension below the dosimetric coverage of the 
ovoids. In that instance, a vaginal cylinder should 
be used for full coverage. If gross disease is pres-
ent, it is prudent to mark the inferior extent of 
disease with a radiopaque gold marker to assure 
full coverage, especially if external beam irradi-
ation is given initially as the tumor may regress 
prior to the brachytherapy boost. Historically, 
with 2D dosimetry, the dose was prescribed 
2 cm from the uterine tandem. Ideally, 3D imag-
ing should be used, and assurance of coverage 
of the entire uterine serosa and targeted vagina 
should be covered by the prescription isodose 
line. Detailed suggestions on treatment, cover-
age, dose specifi cation, and optimization have 
been published by the American Brachytherapy 
Society (Nag et al.  2000b ). 

  Vaginal cuff brachytherapy  alone has become 
increasingly more common for postoperative 
endometrial carcinoma. Cylinders and ovoids 
have been used with advantages and disadvan-
tages to both (Kim et al.  2002 ). In addition, there 
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are molds, shielded cylinders, and multichannel 
applicators available for customization of dosim-
etry. Most importantly, the largest vaginal cylin-
der should be used to maximize dosimetry and 
avoid air gaps between the cylinder and the 
mucosa and to avoid underdosing the target 
(Richardson et al.  2010 ). Different fractionation 
schemes and lengths of the vagina treated are 
used, and a summary of choices with detailed 
recommendations for postoperative cuff treat-
ment and treatment of cuff recurrences has been 
published by the American Brachytherapy 
Society and recently updated (Small et al.  2012 , 
 2005 ). Most physicians choose to treat only the 
upper portion of the vagina adjuvantly and treat 
the entire length of the vagina only in cases of 
positive margins, recurrent disease, or with other 
high-risk pathological fi ndings. For gross dis-
ease, the thickness of tumor should not exceed 
5 mm if intracavitary brachytherapy is planned. If 
this thickness is exceeded, it is best to treat with 
interstitial therapy according to established 
guidelines (Beriwal et al.  2012 ).    

15.3     Vulvar Cancer 

15.3.1     Anatomy, Pathology 

 As the vulva is covered by a keratinized squa-
mous epithelium, the most common histology 
for vulvar cancer is squamous cell carcinoma. 
Adenocarcinoma of the vulva may arise from 
Bartholin’s glands, eccrine sweat glands, Paget’s 
disease, or ectopic breast tissue. Other less com-
mon histologies include melanoma and basal 
cell carcinoma. Soft tissue sarcomas are rare in 
the vulva, although leiomyosarcoma, malignant 
fi brous histiocytoma, liposarcoma, angiosar-
coma, rhabdomyosarcoma, epithelioid sarcoma, 
and Kaposi’s sarcoma have all been described. 
Metastatic involvement of the vulva may also 
occur, most commonly from primary genitouri-
nary or gastrointestinal cancers. 

 The vulva encompasses the mons pubis, labia 
majora, labia minora, clitoris, vaginal vestibule, 
perineal body, and the supporting subcutaneous 
tissues. The vulva is bordered superiorly by the 

anterior abdominal wall and inferiorly by the anus. 
The lateral extent of the vulva is the labiocrural 
fold at the medial thigh. The distal vagina and the 
urethra open onto the vestibule of the vulva. 

 The course of the vulvar lymphatic channels 
has been well described by extensive surgical 
mapping studies (Parry-Jones  1963 ). The vulvar 
lymphatics travel anteriorly through the labia 
majora, then laterally at the mons pubis to drain 
into the superfi cial inguinal lymph nodes. In gen-
eral, the lymphatics do not extend laterally beyond 
the labiocrural folds or cross midline for 
 well-lateralized structures. Lymphatic drainage of 
midline structures, such as the clitoris or perineal 
body, is more commonly bilateral to the inguinal 
lymph nodes. A small proportion of lymphatic 
drainage from the clitoris travels under the pubic 
symphysis directly to the pelvic lymph nodes.  

15.3.2     Routes of Spread 

 The most common site of primary vulvar cancer 
is the labia majora, although invasive disease 
may arise from any of the vulvar structures, 
including the Bartholin’s glands. Local growth at 
the primary site may lead to extension into the 
adjacent organs, including the urethra, clitoris, 
vagina, and anus. The risk of lymph node involve-
ment is related to tumor size, poor differentiation, 
depth of stromal invasion, and lymphovascular 
invasion (Homesley et al.  1993 ). The primary 
echelon nodes for vulvar cancer, the superfi cial 
inguinal lymph nodes, are located within the 
femoral triangle formed by inguinal ligament 
superiorly, sartorius muscle laterally, and adduc-
tor longus muscle medially. Lymphatic drainage 
from superfi cial to deep inguinal nodes penetrates 
the cribriform fascia medial to the femoral vein. 
The most superior of the deep nodes, Cloquet’s 
node, is located under the inguinal ligament and 
directly drains to the external iliac nodal chain. 
Although tumor emboli from the primary site 
travel to the inguinal lymph nodes, in-transit skin 
metastases are rare in the absence of bulky groin 
involvement. Metastases to the contralateral 
groin or pelvis are uncommon in the absence of 
ipsilateral nodal involvement.  

15 Gynecological Cancer



314

15.3.3     Imaging Modalities 

15.3.3.1     Magnetic Resonance Imaging 
 The local extent of a primary vulvar cancer is 
assessed clinically to determine resectability, 
although MRI may provide additional informa-
tion pertinent for surgical and radiation therapy 
planning. Similar to cervical cancer, vulvar can-
cers are isointense to the muscle on T1-weighted 
images and intermediate to high signal intensity 
on T2-weighted scans (Sohaib et al.  2002 ). In 
locally advanced cases, invasion into adjacent 
pelvic structures such as the urethra, bladder, or 
rectum may be visualized by MRI. For lesions 
smaller than 2 cm in diameter, MRI does not pro-
vide reliable evaluation, particularly for plaque- 
like lesions as the primary site may not be 
visualized.  

15.3.3.2     CT, PET/CT, Ultrasound 
 CT is the most commonly employed modality to 
delineate pelvic anatomy for treatment planning 
and particularly depth of inguinal lymph nodes. 
Assessment of regional nodal involvement in vul-
var cancer may be performed by CT, PET, or 
ultrasound. CT has a relatively low sensitivity 
and specifi city for the detection of nodal involve-
ment and is primarily used for radiation treat-
ment planning. The sensitivity of PET for the 
detection of nodal involvement and distant meta-
static spread is higher than CT (Lamoreaux et al. 
 2005 ) and is often incorporated in the initial stag-
ing evaluation for women with locally advanced 
disease. In the setting of unresectable nodal 
spread, PET may be used to identify involved 
nodes for dose escalation. CT and ultrasound 
have been used in conjunction with fi ne-needle 
aspiration to confi rm inguinal nodal involvement 
in preoperative or defi nitive cases. As discussed 
below, none of the available imaging modalities 
are able to replace surgical staging and patho-
logic assessment of the inguinal lymph nodes.  

15.3.3.3     Imaging–Surgical–Pathology 
Correlations 

 Preoperative MRI has been shown to have mod-
erate correlation with clinicopathologic fi ndings 

for staging of the primary site in vulvar cancer. In 
a prospective study of 22 women, MRI accu-
rately predicted tumor stage in 70 % of cases 
(Sohaib et al.  2002 ). However, the primary tumor 
was not visualized in 50 % of the patients 
although the imaging parameters may not have 
been optimal, and tumor delineation improved 
with higher resolution and thinner sectioning. 

 As clinical exam is largely inaccurate in assess-
ing groin node involvement, prospective imaging 
studies to evaluate the inguinal nodes have been 
performed with pathologic correlation by surgical 
staging. In a study of preoperative MRI in 60 
patients with vulvar cancer, 2 radiologists evalu-
ated nodal size and characteristics, including the 
presence of a fatty hilum, margin, and shape, prior 
to lymph node dissection or sentinel node biopsy. 
The operating characteristics for MRI showed a 
sensitivity, specifi city, positive predictive value, 
and negative predictive value of 52 %, 85–89 %, 
46–52 %, and 87–89 %, respectively (Bipat et al. 
 2006 ). A second study of MRI for nodal staging 
found a sensitivity, specifi city, PPV, and NPV of 
86, 82, 64, and 94 %, respectively, when size, 
shape, and STIR/T2 signal abnormality were 
considered on radiologic review (Singh et al. 
 2006 ). The variability in the operating character-
istics between studies may be explained by the 
differences in imaging technique as well as the 
study population, as the second study included a 
signifi cant proportion of patients with advanced 
disease. PET has also been shown to have rela-
tively low sensitivity but high specifi city for 
inguinal nodal involvement. In a surgical correla-
tion study of 15 patients with 29 analyzed groins, 
the sensitivity, specifi city, PPV, and NPV for PET 
for the detection of lymph node involvement 
were 67, 95, 86, and 86 %, respectively (Cohn 
et al.  2002 ). Imaging assessment by CT or ultra-
sound with pathologic assessment by fi ne-needle 
aspirate has also been explored, although its use 
has again been limited by relatively low sensitiv-
ity for the detection of metastatic involvement, 
ranging from 58 % for CT (Land et al.  2006 ) and 
80–83 % for ultrasound (Moskovic et al.  1999 ). 
Given the morbidity and mortality of groin recur-
rence, the false-negative rates with preoperative 
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imaging remain unacceptably high and should 
not be considered a replacement for nodal dissec-
tion or sentinel node biopsy. In appropriately 
selected patients, sentinel lymph node biopsy has 
shown considerable promise in prospective, 
multi- institutional trials of clinically node-nega-
tive vulvar cancer patients, with a sensitivity of 
91 % and false-negative predictive value of 3.7 % 
(Levenback et al.  2012 ). Sentinel lymph node 
biopsy also reduces the rates of acute and long- 
term groin complication compared to inguinal 
nodal dissection (Van der Zee et al.  2008 ).   

15.3.4     Target Delineation 

15.3.4.1      Simulation Procedure 
 For the CT simulation, patients are placed in an 
immobilization device (e.g., VacLoc) in “frog- 
legged” position to expose the groins and prevent 
skin blousing. Visible and/or palpable and muco-
sal involvement of the vagina should be localized 
with implanted radiopaque markers. The patient 
should be instructed for bladder fi lling. IV and 
bowel contrast should be considered.  

15.3.4.2      Target Volume Delineation 
for the Postoperative Vulvar 
Cancer 

 Target delineation for vulvar cancer requires a 
thorough understanding of the primary and nodal 
patterns of spread, the extent of surgical staging, 
and the radiation intent. In patients with opera-
ble disease, postoperative radiotherapy may be 
delivered to the primary site, inguinal nodal 
region, and/or pelvis based on surgical– 
pathologic factors. Indications for vulvar radia-
tion include close surgical margins or other risk 
factors for local relapse defi ned by the Heaps 
criteria (Heaps et al.  1990 ). The clinical target 
volume should include the entire vulva with the 
anatomic boundaries described above. Vulvar 
radiation should also be delivered in all patients 
with nodal involvement as use of a midline block 
is associated with increased rates of local recur-
rence (Dusenbery et al.  1994 ). In patients with 
inguinal nodal involvement, the nodal CTV 

should include the ipsilateral and contralateral 
inguinal nodes, as well as the pelvic lymph 
nodes. Most commonly, the superior border of 
the radiation fi eld is set at the L5/S1 vertebral 
interspace to cover the bifurcation of the com-
mon iliac nodes. The nodal basins at risk in the 
pelvis are the bilateral external iliac, internal 
iliac, obturator, and presacral nodes. 

 Of note, contouring guidelines for IMRT in 
vulvar cancer have not yet been established, 
although clinical experience from single institu-
tional series has been reported (Beriwal et al. 
 2006 ,  2008 ). Some of the principles for the delin-
eation of inguinal region are gleaned from RTOG 
contouring guidelines for anorectal cancer. 

 The  inguinofemoral lymph node CTV  should 
be contoured inferiorly to the level of the ischial 
tuberosity or lesser trochanter or alternatively 
2 cm inferior to the saphenous–femoral junction 
as recommended by the RTOG contouring guide-
lines for anorectal cancer (Myerson et al.  2009 ). 
For the inguinal lymph nodes, a larger contouring 
margin is recommended around the femoral ves-
sels than commonly applied in pelvic nodes. In a 
study of 22 women with gynecologic cancer and 
clinical or pathologic inguinal nodal involve-
ment, the margins around the femoral vessels 
required to cover at least 90 % of the disease 
were 35 mm in the anteromedial direction, 
23 mm anterior, 25 mm anterolateral, 22 mm 
medial, 9 mm posterior, and 32 mm lateral (Kim 
et al.  2012 ). The corresponding anatomic bound-
aries were laterally, the medial border of the ilio-
psoas; medially, the lateral border of the adductor 
longus or medial end of the pectineus; posteri-
orly, the iliopsoas muscle laterally and anterior 
aspect of the pectineus muscle; and medially and 
anteriorly, the anterior edge of the sartorius mus-
cle. None of the patients had involved posterior 
or lateral nodes alone without involvement of the 
anterior or anteromedial positions. The authors 
suggest that the inguinal lymph nodes are con-
toured as a compartment defi ned by anatomic 
landmarks rather than a uniform expansion 
around the vessels. 

 The  pelvic lymph node CTV  should encom-
pass the external and internal iliac vessels and 
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adjacent suspicious nodes with a 0.7–1 cm 
margin while excluding the bone, muscle, and 
bowel. 

 The presacral nodal region should connect 
the bilateral iliac nodal volume to approximately 
the level of S2 when the piriformis muscle is 
visualized.  

15.3.4.3      Target Volume Delineation 
for Intact Vulvar Cancer 

 The  primary tumor GTV  for preoperative or 
defi nitive radiotherapy in locally advanced cases 
should encompass the gross primary tumor and 
its extensions based on clinical examination fi nd-
ings, MRI, CT, or PET-CT. This may include 
vaginal extension as delineated by imaging or 
radiopaque implanted markers based on physical 
examination. The GTV further includes tumor 
involvement of lymph nodes based on examina-
tion fi ndings, MRI, CT, or PET-CT. 

 For the  primary tumor CTV , a 1–2 cm expan-
sion is added to the GTV. In addition, regional 
lymphatics in the pelvis are contoured as described 
for cervical cancer (Sect.  1.4.2 ), and inguinal lym-
phatics (which have not already been included in 
the GTV) are delineated as described for vulvar 
cancer (Sects.  3.4.2  and  3.4.3 ). 

 The PTV adds a 0.7 cm margin to the 
CTV. Bolus of the skin bridge is not required in 
the absence of dermal spread, although bolus 
over the vulva should be considered to adequately 
dose the skin in this area.  

15.3.4.4     Target Delineation 
for Brachytherapy 

 Select patients with unresectable disease involv-
ing the vulva are candidates for interstitial 
brachytherapy to deliver additional dose escala-
tion. Extrapolating from current guidelines for 
cervical cancer, the GTV should include residual 
disease at the time of brachytherapy, supple-
mented by imaging fi ndings on MRI, CT, or 
PET. The HR-CTV should include a margin of 
1–2 cm around the GTV. Particular caution is 
advised with the use of interstitial brachytherapy 
for vulvar cancer, as high rates of necrosis and 
nonhealing ulcer have been reported (Thibault 
et al.  2012 ; De Ieso et al.  2012 ).    

15.4     Vaginal Cancer 

15.4.1     Anatomy, Pathology 

 The vagina is a long muscular organ that extends 
from the cervix to vulva with an average length 
of 8 cm. The normal tissue structures that are 
closely opposed to the vagina are the bladder and 
urethra anteriorly and the rectum posteriorly. 

 The mucosa of the vagina is composed of a 
nonkeratinizing stratifi ed squamous epithelium, 
which overlies a highly vascular stroma with a 
rich lymphatic network. The lymphatics of the 
upper vagina follow the path of the cervical lym-
phatics to the paracervical, parametrial, obtura-
tor, hypogastric, external iliac, and common iliac 
lymph nodes. The lymphatic drainage of the pos-
terior vagina empties to the inferior gluteal, ano-
rectal, and presacral nodes. From the distal 
vagina, the lymphatic channels course to the 
inguinal and femoral nodes, similar to the pri-
mary drainage of the vulva. Due to the complex 
lymphatic network, lymph node drainage from 
the vagina is not well lateralized. 

 Primary vaginal cancer is a rare malignancy 
and represents 3 % of gynecologic cancers 
(Siegel et al.  2011 ). Approximately 2,600 women 
are diagnosed with vaginal cancer in the United 
States annually (Cancer facts and fi gures  2012 ), 
although metastatic involvement of the vagina is 
not uncommon. By the FIGO defi nition, tumors 
that involve the cervix or vulva are not consid-
ered vaginal cancers and are classifi ed as cervical 
or vulvar cancers, even if the disease bulk is cen-
tered in the vagina (Aerts et al.  2009 ). The most 
common histology for primary vaginal cancer is 
squamous cell carcinoma, accounting for 85 % of 
cases and frequently associated with HPV infec-
tion (Daling et al.  2002 ). As the vaginal epithe-
lium does not contain glandular elements, 
primary adenocarcinoma of the vagina is rare, 
although adenocarcinoma may arise in areas of 
vaginal adenosis, foci of endometriosis, or 
Wolffi an rests. The clear cell variant of vaginal 
adenocarcinoma is associated with in utero expo-
sure to the synthetic estrogen diethylstilbestrol 
(DES) (Herbst et al.  1971 ), although the peak 
incidence is well passed. Other less frequent his-
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tologic subtypes include melanoma, lymphoma, 
and sarcoma, specifi cally rhabdomyosarcoma, 
leiomyosarcoma, endometrial stromal sarcoma, 
and malignant mixed Müllerian tumor.  

15.4.2     Routes of Spread 

 Vaginal cancers most commonly arise in the 
upper vagina and may extend directly into the 
adjacent paravaginal tissues, parametrium, or 
pelvic sidewall. Anterior or posterior extension 
may result in bladder or rectal invasion. Tumors 
arising in the mid to lower vagina can penetrate 
the vaginal wall and involve the urogenital dia-
phragm, levator ani muscles, or pelvic fascia. 

 Pathologic examination from full-thickness 
biopsy or partial vaginectomy specimens has 
shown that 95 % of the lymphatic channels are 
located within 3 mm depth from the vaginal sur-
face (Choo et al.  2005 ). Due to the complex lym-
phatic network, lymph node drainage from the 
vagina is not well lateralized. Tumors with access 
to the lymphatic channels of the upper third of 
the vagina drain to the pelvic nodal groups, while 
lymphatics of the lower one-third of the vagina 
spread to the inguinal–femoral nodes as described 
above. Tumors with involvement of the rectovag-
inal septum have an increased risk of perirectal 
and presacral nodal spread.  

15.4.3     Imaging Modalities 

15.4.3.1    Magnetic Resonance Imaging 
 Given the rarity of vaginal cancer, prospective 
imaging studies have not been performed, 
although the utility of advanced imaging modali-
ties may be extrapolated from other disease sites. 
Given its superior soft tissue resolution, MRI 
may supplement physical exam in assessing 
tumor volume and extent of tumor in paravaginal 
tissues. Similar to cervical cancer, primary vagi-
nal tumors are best visualized on T2-weighted 
imaging and appear hyperintense (Taylor et al. 
 2007 ). Visualization of the vaginal tumor may be 
improved with the instillation of vaginal gel, 
which distends the vaginal walls and allows for 

assessment of tumor thickness. This imaging- 
based thickness assessment is valuable for deci-
sions regarding the type of brachytherapy and to 
individualize brachytherapy dose prescription.  

15.4.3.2    PET 
 PET/CT, which has become a standard diagnostic 
tool for cervical cancer (Schwarz et al.  2007 ; 
Selman et al.  2008 ), has similar applicability for 
vaginal cancer, as the sensitivity for the detection 
of the primary vaginal tumor and involved pelvic 
lymph nodes is greater than CT alone (Lamoreaux 
et al.  2005 ). The detection of nodal involvement 
may also infl uence the extent of the radiation 
fi elds and delivered dose.  

15.4.3.3     Imaging–Surgical–Pathology 
Correlations 

 Correlative studies of imaging and pathologic 
fi ndings have not been well described for vaginal 
cancer, as the majority of patients are treated with 
defi nitive radiation therapy. However, several 
surgical series have demonstrated the association 
between tumor stage and the risk of lymph node 
involvement, which ranges from 0 to 6 % for 
stage I, 21–26 % for stage II, and 78–83 % for 
stages III and IV, respectively (Rubin et al.  1985 ; 
Senekjian et al.  1988 ). For patients with early 
stage disease that are candidates for vaginal 
brachytherapy, dose is prescribed to cover the 
tumor thickness and vaginal lymphatics.   

15.4.4     Target Delineation 

15.4.4.1    Simulation Procedure 
 For lower vaginal tumors, where inguinal nodes 
are included into the treatment volume, the 
patient positioning a preparation resembles that 
for vulvar cancer (Sect.  3.4.1 ) and for upper vagi-
nal tumors that for cervical cancer (Sect.  1.4.1 ).  

15.4.4.2     Target Volume Delineation 
for External Beam Radiation 

 The gross  GTV  for vaginal cancer is defi ned as 
the clinically apparent visible/palpable tumor 
involvement based on examination fi ndings, CT, 
MRI, and/or PET. Delineation of the GTV at 
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diagnosis should encompass visible and palpable 
and imaging evidence of gross tumor at the pri-
mary site, as well as any involved lymph nodes in 
the pelvis, inguinal, and/or para-aortic regions. 

 The  CTV  represents the regions at risk for 
microscopic spread, including the GTV with a 
1–2 cm margin, full vaginal length, paravaginal tis-
sues, and bilateral pelvic lymph nodes, specifi cally 
the external iliac, internal iliac, obturator, presacral, 
and perirectal nodes. If the distal one- third of the 
vagina is involved, the inguinal lymph node regions 
should also be contoured in the nodal CTV. 

 The superior border of the  PTV  generally 
extends to L5/S1 (to include the common iliac 
lymph nodes), and the inferior fi eld border should 
cover the full vaginal length. If IMRT is planned, 
the PTV margins should take into account the 
movement of the vagina with organ fi lling, which 
may be displaced by 1.5–2 cm on average in the 
anterior–posterior direction (Jhingran et al.  2012 ; 
Harris et al.  2011 ). In patients with lymph node 
involvement, the next echelon nodes should be 
included in the treatment fi eld. A 3D conformal 
or IMRT boost may be used to deliver a cumula-
tive dose of 60–64 Gy to gross nodal disease 
accounting for the brachytherapy contribution.  

15.4.4.3     Target Volume Delineation 
for Brachytherapy 

 In the defi nitive treatment of vaginal cancer, 
intracavitary or interstitial brachytherapy is used 
for dose escalation to areas of gross disease to 
deliver a cumulative dose of 70–85 Gy. The 
choice of brachytherapy modality depends on the 
residual tumor thickness following external beam 
radiotherapy. In tumors with a thickness of less 
than 5 mm, vaginal cylinder brachytherapy may 
be used to deliver the additional boost, while 
interstitial implants are appropriate for patients 
where larger residual tumors and/or tumor thick-
ness is more than 1 cm. Target contouring may be 
adopted from the GEC-ESTRO guidelines for 
image-guided cervical cancer brachytherapy 
(Haie-Meder et al.  2005 ). At the time of brachy-
therapy, the GTV is defi ned as the gross residual 
disease based on examination and MRI fi ndings, 
and the HR-CTV represents the adjacent regions 
with a high risk of local recurrence. At the 

University of Vienna, the HR-CTV for vaginal 
cancer encompasses the GTV, as well as the gray 
zones on MRI and the adjacent vaginal circum-
ference at the level of the residual tumor 
(Dimopoulos et al.  2012 ). For CT-based plan-
ning, placement of fi ducial markers may be used 
to demarcate the superior, inferior, and lateral 
extent of the tumor for contouring purposes. The 
IR-CTV includes the initial extent of tumor as 
well as the full vaginal length given the risk of 
submucosal spread through the vaginal lymphat-
ics. The IR-CTV should receive a minimum of 
60 Gy including the external beam and brachy-
therapy contribution. Although the tolerance of 
the vagina is ill defi ned, dose limits of 120–
150 Gy for the upper vagina and 80–100 Gy for 
the lower vagina have been adopted based on ret-
rospective data (Hintz et al.  1980 ).       
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16.1            Major Clinical Facts About 
Bladder Cancer 

 Bladder cancer is the ninth most common cancer 
diagnosis worldwide. Over 330,000 new cases 
and more than 130,000 deaths are reported with 
bladder cancer each year. The ratio between 
males and females is 3.8:1 (Ploeg et al.  2009 ). 
More than 90 % of all bladder cancers are urothe-
lial carcinoma (also called transitional cell neo-
plasms), while squamous cell carcinoma (SCC) 
constitutes 5 % of cases and adenocarcinoma 
constitutes ca. 1–2 % (most often in dome of 
bladder; urachal remnant). Other tumors in the 
bladder such as small cell carcinoma, sarcoma, 
carcinosarcoma, lymphoma, or melanoma are 
rare and should be treated in accordance with the 
histopathological entity. 

 The tumor, node, and metastasis (TNM) clas-
sifi cation of malignant tumors is the method most 
widely used to classify the extent of cancer 
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spread (Table  16.1 ). Concerning histological 
grading, the use of the 2004 WHO classifi cation 
is recommended but still needs to be validated by 
more clinical trials. Most clinical trials published 
so far on bladder tumors have been performed 
using the 1973 WHO classifi cation.

16.2        General Treatment Concepts 
and Indications 
for Radiotherapy 

16.2.1     Treatment Concepts and 
Therapy Results in Superfi cial, 
Non-Muscle-Invasive Bladder 
Cancer (NMIBC, Ta, Tis, T1) 

 Over 80 % of newly diagnosed cases are classifi ed 
as Ta, Tis, or T1. TUR (transurethral resection) 

and (in case of risk factors) additional intravesical 
cytostatic therapy, mainly with bacillus Calmette-
Guérin (BCG), are the important cornerstones of 
initial treatment. The recurrence and progression 
rate of NMIBC is strongly associated with tumor 
grade and invasion into the lamina propria. Early 
cystectomy for high-risk superfi cial cancers has 
been recommended because of favorable results 
in some series, but it is not clear whether the 
results refl ect the effi cacy of surgical therapy or 
are only caused by patient selection. However, 
patients with failure after TUR and intravesical 
therapy should be considered for more intense 
treatment with the decision based on T-category, 
tumor multiplicity, size, concomitant in situ 
 cancer, and urothelial tumor of the prostatic ure-
thra. Cystectomy is considered as the standard 
treatment for this subgroup, but concurrent chemo-
radiotherapy might be an alternative because of 
good results in some series (Weiss et al.  2006 ).  

16.2.2     Treatment Concepts and 
Therapy Results in Localized 
Muscle-Invasive Bladder 
Cancer (T2–T4 N0/N1 M0) 

 For localized muscle-invasive bladder cancer, 
radical cystectomy has been widely considered as 
the standard treatment. One ancient randomized 
study showed a nonsignifi cant advantage of cys-
tectomy over radiotherapy (radiation alone with-
out chemotherapy). However, numerous phase II 
studies with concurrent chemoradiotherapy have 
demonstrated survival rates identical to surgical 
series with 70–80 % bladder preservation in long-
term survivors. The most impressive advantage 
with regard to survival has recently been shown in 
the British BC 2001 study which demonstrated 
the superiority of concurrent chemoradiation over 
radiotherapy alone. The absolute difference in 
survival was 13 % after 5 years which is higher 
than the increase in survival with adjuvant or neo-
adjuvant chemotherapy prior or after radical cys-
tectomy. Thus, chemoradiation is the standard of 
care for organ preservation and is, with regard to 
survival, to be considered as equieffective to cys-
tectomy according to the best available evidence 
at the moment (Fig.  16.1 ).

   Table 16.1    2009 TNM classifi cation of urinary bladder 
cancer (updated 2012)   

 T – primary tumor 
 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Ta  Noninvasive papillary carcinoma 
 Tis  Carcinoma in situ: “fl at tumor” 
 T1  Tumor invades subepithelial connective tissue 
 T2  Tumor invades muscle 
 T2a  Tumor invades superfi cial muscle (inner half) 
 T2b  Tumor invades deep muscle (outer half) 
 T3  Tumor invades perivesical tissue 
 T3a  Microscopic 
 T3b  Macroscopic (extravesical mass) 
 T4  Tumor invades any of the following: prostate, 

uterus, vagina, pelvic wall, abdominal wall 
 T4a  Tumor invades prostate, uterus, or vagina 
 T4b  Tumor invades pelvic wall or abdominal wall 
 N – lymph nodes 
 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in a single lymph node in the true 

pelvis (hypogastric, obturator, external iliac, or 
presacral) 

 N2  Metastasis in multiple lymph nodes in the true 
pelvis (hypogastric, obturator, external iliac, or 
presacral) 

 N3  Metastasis in common iliac lymph node(s) 
 M – distant metastasis 
 M0  No distant metastasis 
 M1  Distant metastasis 
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16.2.3        Indications for Defi nitive 
Curative Radiotherapy 

 Radiotherapy is an attractive curative option for 
nearly all patients with muscle-invasive bladder 
cancer with the additional advantage of bladder 
preservation in the majority of patients. Standard 
treatment for patients with curative approach is 
radiotherapy plus concurrent chemotherapy. The 
best chemotherapy regimen is not yet clear. The 
most widely used drug has been cisplatin (Rodel 
et al.  2002 ). However, a combination of 5-FU and 
mitomycin C has also demonstrated signifi cant 
effi cacy in the BC 2001 trial and is surely an 
evidence- based alternative to cisplatin (James 
et al.  2012 ). A further drug for radiosensitization 
is paclitaxel which has been shown to be safe and 
effi cacious in patients with contraindications to 
cisplatin (Müller et al.  2007 ). 

 All patients should initially undergo a com-
plete transurethral resection of the bladder tumor 
(TUR-BT). The TUR should be complete, if pos-
sible; a macroscopically complete TUR-BT is a 
major prognostic factor. TUR-BT is followed by 
chemoradiotherapy. About 6 weeks after chemo-
radiotherapy, a control cystoscopy is recom-
mended. A pathologically complete remission 
(pCR) can be achieved in about 70 % of all 
patients and a pCR is a prognostic factor for sur-
vival, long-term tumor control in the bladder, and 
bladder preservation (Jenkins et al.  1988 ; 
Mameghan et al.  1995 ). Patients with residual 
invasive tumor on control cystoscopy should 
undergo salvage cystectomy, if there are no con-
traindications to major surgery. 

 Start of radiotherapy is recommended 4–6 weeks 
after TUR-BT because some time is normally 
required until local symptoms after TUR (dysuria, 
urgency) have been solved.  

16.2.4     Adjuvant Radiotherapy 

 The role of adjuvant radiotherapy is not well 
defi ned with very limited data. Preoperative 
radiotherapy has been used in historical studies 
but is not considered as standard in contemporary 
guidelines. Preoperative chemoradiation fol-
lowed by cystectomy is, from a theoretical point 
of view, an attractive concept but should only be 
used in clinical trials.  

16.2.5     Palliative Radiotherapy 

 Palliative radiotherapy is useful for the relief of 
symptoms such as bleeding and reduces the pain 
for patients with T4 bladder tumors, pelvic nodal 
disease, and bone and other distant metastases. 
Short courses of palliative pelvic radiotherapy 
may be benefi cial for elderly patients who have 
signifi cant comorbidities precluding radical 
treatment.   

16.3     Normal Anatomy and Typical 
Tumor Spread 

16.3.1     Anatomy of the Bladder 

 The bladder is located on the fl oor of the pelvic 
cavity. It is anterior to the rectum, seminal vesi-
cles, and ureters in males. In females it is anterior 
to the uterus and upper vagina. As the bladder 
distends, the neck remains fi xed and the dome 
rises into the pelvic cavity. The bladder is a mus-
culomembranous sac. It appears smooth when 
full and has numerous folds when it is empty.  

16.3.2      Spread of Primary Tumor 

 Tumors may grow papillary or as solid- infi ltrative 
lesions. In papillary tumors, most of the tumor 

TUR-B 
(R0 if possible)

Chemoradiotherapy

Control  TUR-BT

Follow up Curative Therapy:

Salvage - cystectomy, TUR

Palliative: Chemotherapy

Relapse

Pathological CR No Rrsponse

  Fig. 16.1    General treatment concept for an organ- 
preserving treatment approach       
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volume extends into the bladder. The majority of 
the advanced lesions, however, grow as fl at 
lesions (so-called solid-infi ltrative lesions) with 
most of the tumor in the bladder wall or beyond. 

 It is obvious from surgical series that all diag-
nostic modalities bear a large risk of staging 
error. It is nearly impossible to clearly differenti-
ate between T1 (no muscle invasion), T2a (super-
fi cial muscle invasion) and T2b (deep muscle 
invasion), and extravesical extension (T3). Even 
if patients are staged by cystoscopy, TUR, and 
the best available diagnostic modalities (CT, 
MRI), a signifi cant staging error with regard to 
T-category remains. In a recent large multicenter 
trial, even the use of nomograms prior to radical 
cystectomy underestimated the risk of locally 
advanced disease in nearly half of all patients. In 
large surgical series, extravesical disease (T3–
T4) is present in more than two-thirds of all 
patients with proven muscle invasion. Therefore, 
it is justifi ed and useful to use standard target vol-
umes for the majority of patients and to adapt the 
standard volumes in cases with large tumor 
masses.  

16.3.3     Spread to Regional 
Lymph Nodes  

 In surgical series, about one-third of patients 
treated with cystectomy for muscle-invasive can-
cers have nodal involvement (Yafi  et al.  2011 ). 
Surgical series and sentinel-node series indicate 
there is no clear step-by-step involvement of 
regional nodes as, for example, known from axil-
lary involvement in breast cancer. A single 
involved node may lie more or less randomly in 
the regional node areas (Leissner et al.  2004 ; 
Bruins et al.  2014 ). However, early nodal involve-
ment is often localized in the paravesical and 
obturator nodes in direct neighborhood to the 
bladder (laterally between the bladder and iliac 
external vessels and behind the bladder). Thus, 
radical treatment of lymph nodes requires dissec-
tion or irradiation of all regional nodes irrespec-
tive of tumor volume and stage. On the other 
hand, a limited nodal treatment with treatment 
only to the obturator nodes and internal iliac 

nodes would cover all involved nodes in the 
majority of node-positive patients. 

 The optimal extent of lymph node treatment is 
not well defi ned. Data from retrospective surgical 
series suggest that an extended nodal resection 
might be superior in terms of survival (e.g., 
Skinner  1982 ), but this hypothesis is highly con-
troversial in the light of negative results of 
extended lymph node dissection in all other can-
cer types where such procedures have failed to 
demonstrate a survival benefi t despite positive 
data in retrospective series, e.g., in gastric cancer 
or breast cancer. Moreover, a recent study from a 
single institution compared different target vol-
umes (whole pelvis versus bladder only) in 
patients undergoing defi nitive radiotherapy and 
found no difference in survival (Tunio et al. 
 2012 ).   

16.4     Target Volume 

16.4.1      Evidence-Based 
Recommendations for Target 
Volume of the Primary Tumor 

 Most of the treatment series have used whole- 
bladder radiotherapy, either for the complete 
treatment course or combined with a partial- 
bladder boost. Arguments in favor of whole- 
bladder irradiation are the diffi culties to clearly 
defi ne tumor borders in the bladder wall with 
imaging methods, the risk of multiplicity of 
tumors in the bladder, and the changes in bladder 
fi lling during treatment with subsequent diffi cul-
ties to exactly locate the tumor. On the other 
hand, partial-bladder irradiation offers the advan-
tage to reduce acute bladder toxicity and to 
increase the total dose to the macroscopic tumor. 
Recently, two randomized studies on this issue 
have been published. In the BC 2001 study, a 
subgroup of patients was randomized between 
whole- and partial-bladder irradiation with no 
obvious differences in outcome. A second ran-
domized study from Manchester compared 
whole-bladder irradiation with a standard dose 
(52.5 Gy in 20 fractions) to dose-escalated 
partial- bladder irradiation (primary tumor plus 
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1.5 cm margin, 57.5 Gy in 20 fractions or 55 Gy 
in 16 fractions) in patients with unifocal T2–
T3 N0 M0 cancers and found also no signifi cant 
difference (Cowan et al.  2004 ). This second study 
suggests that, fi rstly, partial-bladder irradiation 
with modern imaging and treatment techniques 
(3D-CRT) does not increase failure rates and, 
secondly, that the moderate increase in dose did 
not increase local control or survival. However, 
the long-term bladder preservation rate in the 
Manchester study was, in absolute fi gures, 
slightly better with whole-bladder as compared 
to partial-bladder irradiation (Table  16.2 ), and 
the patient numbers in both arms were so small 
that a clinically relevant difference with regard to 
bladder preservation might not have been 
detected. Moreover, there was a trend toward 
increased bladder toxicity in the dose-escalated 
arms, especially in patients treated with 16 frac-
tions in 3 weeks (Table  16.2 ).

   In summary, whole-bladder irradiation 
remains the contemporary standard target vol-
ume. Partial-bladder irradiation is justifi ed and 
might be considered as an alternative standard of 
care in patients in whom reduction of target vol-
ume increases the feasibility and tolerability of 
irradiation.  

16.4.2      Evidence-Based 
Recommendations for Lymph 
Node Irradiation 

 Most of the historical series have used large fi elds 
including bladder and regional nodes in patients 
with radical radiotherapy. Smaller treatment 
fi elds have been used in patients undergoing pal-
liative radiotherapy. 

 A recent study compared bladder-only versus 
whole-pelvis radiotherapy in patients with cN0 
status and found no difference, suggesting that 
omission of regional node irradiation is justifi ed in 
patients with clinically negative nodes (Tunio et al 
 2012 ). Severe acute diarrhea was less frequent in 
patients with bladder-only radiotherapy (2 % ver-
sus 4 % grade 3–4 reactions), but there was no sig-
nifi cant difference in late toxicity (Table  16.3 ).

   It should be noted that the majority of poten-
tially involved regional lymph nodes (see 
Sect.  16.3.2 .) are included even in relatively small 
fi elds (e.g., CTV = bladder wall plus 2 cm) if stan-
dard techniques (e.g., 3D-CRT) are used. Thus, rel-
evant amounts of regional lymph nodes are treated 
with curative doses even in case of bladder-only 
irradiation, and the unintended irradiation may 
have contributed to the clinical effi cacy. However, 

    Table 16.2    Randomized study of whole-bladder irradiation with standard doses versus partial-bladder irradiation with 
escalated dose in patients with unifocal cT2–T3 N0 bladder cancer   

 Whole bladder  Partial bladder 

 Standard dose  Dose escalated 

  N   60  99 

 Fractionation, total dose  20 × 2.625 Gy  20 × 2.875 Gy 
57.5 Gy ( N  = 45) 

 16 × 3.438 Gy 
55.0 Gy ( N  = 44)  52.5 Gy 

 Median RT volume  815 cm 3   324 cm 3   315 cm 3  
 CR rate  75 %  80 %  71 % 
 5-year local control  58 %  59 %  34 % 
 5-year overall survival  61 %  60 %  51 % 
 5-year cystectomy-free survival  59 %  50 %  41 % 
 Late GU tox ≥ grade 2  4 %  18 %  6 % 
 Late GI tox ≥ grade 2  8 %  8 %  12 % 
 Surgical intervention due to late 
toxicity 

 1 (1.7 %) bowel  1 (2.2 %) bladder  2 (4.5 %) bladder 

  The median RT volume was signifi cantly lower in patients undergoing partial-bladder radiotherapy. The outcome with 
regard to CR rate, local control, survival, and cystectomy-free survival was not signifi cantly different; the study failed 
to demonstrate an increase in local control by using higher than standard doses. However, the absolute fi gures in terms 
of bladder preservation were higher with the standard approach. There was also a trend toward increases in complication 
rate in patients with dose escalation, especially in the accelerated group with 16 fractions (Cowan et al.  2004 )  
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it is not clear whether omission of lymph node irra-
diation is justifi ed if more precise radiation therapy 
techniques and reduced volumes (e.g., IMRT or 
adaptive radiotherapy in combination with bladder-
only radiotherapy) are used (Fig.  16.2 ).

   In summary, omission of adjuvant lymph node 
irradiation is justifi ed in a relevant subset or the 
majority of cN0 patients, especially in patients in 
whom reduction of acute toxicity is necessary.  

16.4.3     Bladder Filling and Adaptive 
Radiotherapy 

 The optimal fi lling state of the bladder during 
radiotherapy has been controversially discussed. 

Increasing bladder volume might decrease the 
amount of small bowel in the treated volume but 
surely increases the target volume. A planning 
study from Poland suggests that the best overall 
dose distribution to surrounding normal tissue is 
achieved with a moderate bladder fi lling, the “par-
tially empty” bladder (Majewski et al.  2009 ). 
Moreover, the daily reproducibility is probably bet-
ter with an average fi lling state than with extreme 
situations (bladder empty or full) (Fig.  16.3 ).

   Adaptive radiotherapy with a “plan-of-the- 
day” treatment concept is an attractive option in 
bladder cancer due to the daily variability in 
bladder fi lling. A recent proof-of-principle study 
in a small number of patients has demonstrated 
that this strategy can signifi cantly reduce the dose 
to the surrounding normal tissues (Tuomikoski 
et al.  2011 ). In this study, three to four different 
treatment plans were calculated with different 
fi lling states of the bladder, and the optimal plan 
was chosen daily on the basis of a cone-beam CT 
prior to treatment. This study has also demon-
strated large interindividual and interfractional 
variabilities in daily bladder fi lling.  

16.4.4     Preparation of the Patient 

 Patients are mostly and probably best treated in 
supine position with ankle supports to stabilize the 
legs and pelvis and a knee support for comfort. 
The question of the optimal fi lling state of the 
bladder has been controversially discussed in the 
literature with several arguments in favor of an 
empty as well as a fi lled bladder. The bladder 

   Table 16.3    Randomized study of whole-pelvis (including 
regional lymph nodes) and bladder-only irradiation in 
patients with cT2–T4 N0 bladder cancer treated with radio-
therapy plus concurrent chemotherapy (weekly cisplatin)   

 Whole-pelvis 
irradiation 

 Bladder-only 
irradiation 

  N   120  110 

 Mean age  62 years  62 years 

 Local recurrence 
rate 

 41 %  43 % 

 Bladder 
preservation 

 59 %  57 % 

 5-year overall 
survival 

 53 %  51 % 

 Acute diarrhea 
grade 3+ 

 4 %  2 % 
  p  = 0.02 

  No signifi cant differences with regard to local control, blad-
der preservation, and overall survival. The frequency of 
severe diarrhea was low but signifi cantly higher in patients 
with irradiation of the whole pelvis (Tunio et al.  2012 )  

  Fig. 16.2    Axial CT slice showing classic conformal plan 
for bladder irradiation. Relevant amounts of regional 
lymph nodes are treated with curative doses even in case 
of bladder-only irradiation       

  Fig. 16.3    Axial CT slice with CTV: the whole bladder 
(with a moderate bladder fi lling) and obturator nodes  and 
OAR: rectum and femoral heads       
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should be partially emptied before scanning and 
treatment, to reduce the radiation volume and dose 
to the normal tissues. We use a small dose of oral 
contrast which is given 30 min before the planning 
CT scan to better visualize the small bowel.  

16.4.5     Data Acquisition for CT 
Planning 

 A CT scan is performed on the patients in supine 
in the treatment position with ankle supports and 
a knee support. The bladder should be partially 
emptied immediately before scanning and treat-
ment. The scan is performed with 3–5 mm slices 
from the lower border of L3 to 4 cm until the 
inferior border of the ischial tuberosities.  

16.4.6     Target Volume Defi nition 

 The GTV is the primary bladder tumor (macro-
scopic visible on CT/MRI/ cystoscopy) and any 
extravesical spread. A typical approach is to 
defi ne the CTV 1 (boost) as the GTV. The CTV 2 
includes the CTV 1 and the whole bladder and 
lymph nodes (paravesical, obturator, external and 
internal iliacs, common iliac to L4/L5 (the latter 

delineated as shown in Chap.   15    )) as well as the 
upper part of the urethra (e.g., the prostatic ure-
thra in men). The PTV is the CTV with a 1–1.5 cm 
margin. With improved image guidance, these 
margins can probably be reduced. 

 According to recent data (see Sects.  16.4.1  
and  16.4.2 ), omission of lymph node irradiation 
should be considered as an alternative standard in 
cN0 patients. Moreover, restriction of the target 
volume to the tumor area only (partial-bladder 
irradiation) may be considered in selected sub-
groups with unifocal tumors, especially in elderly 
patients. Thus, small-volume irradiation with a 
single CTV (GTV plus surrounding bladder area) 
is an option in thoroughly selected patients with 
curative treatment intent (Table  16.4 ).

   In patients undergoing palliative irradiation, 
the CTV should be restricted to the GTV with a 
small safety margin (e.g., 1.0–1.5 cm), which is, 
in most cases of advanced lesions, the whole 
bladder. 

 Organs at risks (OAR) should include the rec-
tum, femoral heads, and small bowel. 
Recommended dose constraints are rectum 
V50 < 60 %, V60 < 50 %; femoral heads 
V50 < 50 %; and small bowel V45 < 250 cm 3 . 

 For palliation of T4 tumors and pelvic nodal 
disease, the CTV should encompass only the gross 

    Table 16.4    Standard recommendations for target volume and doses in patients in good general condition and curative 
treatment approach   

 Target volume  Description  Fractionation and total dose  Comments 

 CTV 1  Visible macroscopic bladder 
tumor (GTV) or tumor area 
after TUR with 1.5 cm margin. 
Bladder “partially empty” 
(e.g., 150 cc) 

 5 times weekly 1.80 Gy  No evidence for better local 
control beyond 60 Gy. Slight 
dose reduction (10 %) seems 
justifi ed in case of “adjuvant” 
XRT after R0-TUR 

 Total dose 59.6–63.2 Gy 
(after R2-TUR) 

 Whole-bladder boost is 
justifi ed in patients with 
multiple or large tumors 
(“Erlangen approach”); total 
dose should not exceed 
60 Gy maximum dose to the 
whole bladder 

 Total dose 54.0 Gy (after 
R0-TUR) 

 CTV 2  Whole bladder (bladder 
“partially empty,” e.g., 150 cc) 
plus surrounding lymph nodes 
(internal iliac and obturator 
nodes) 

 5 times weekly 1.80 Gy 
 Total dose 50.4 Gy 

 CTV 3  All other regional lymph nodes 
up to aortic bifurcation 

 5 times weekly 1.80 Gy  Can be omitted in cN0 
patients  Total dose 45.0–50.4 Gy 
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disease. If this volume is too large, it can be 
reduced to only cover the area causing symptoms. 

 Where CT planning is not available, the treat-
ment can be simulated conventionally and the 
bladder visualized with contrast inserted into the 
bladder via an indwelling urinary catheter 
(Fig.  16.4 ).

16.4.7        Dose and Fractionation 

 Most treatment series and prospective studies have 
used conventional fractionation with daily doses 
of 1.8 Gy up to total doses of 56–64 Gy. The opti-
mal total dose is not clearly defi ned but there is no 
evidence for an increase in local control beyond 
60 Gy. Thus, a total dose of 60–64 Gy (depending 
on volume) should be considered as standard. 
Subgroup analyses suggest optimal control in 
patients treated with “adjuvant” radiotherapy after 
a complete (R0) TUR; a slightly lower dose of 
about 56 Gy is probably suffi cient in these patients. 

 One ancient trial found a better outcome with 
hyperfractionation (three times daily 1 Gy); how-
ever, this concept has not gained acceptance 
despite radiobiological arguments in favor this 
approach (Edsmyr et al.  1985 ). On the other 
hand, the majority of British trials have used radi-
ation regimens with moderate hypofractionation 
(e.g., about 20 fractions) and have reported 
 identical results as compared to conventional 

 fractionation (e.g., James et al.  2012 ; Cowan 
et al.  2004 ); despite the lack of randomized trials, 
moderate hypofractionation with an overall treat-
ment time of at least 4 weeks should be consid-
ered as equieffective. 

 In case of palliative treatment intent, moderate 
hypofractionation or strong hypofractionation 
should be used (Fig.  16.5 ). An overview over pos-
sible fractionation regimens is listed in Table  16.5 .

16.5          Side Effects and Supportive 
Therapy 

 Anemia has been demonstrated to be a signifi cant 
poor prognostic factor. Retrospective data and 
one transfusion study suggest that anemia should 
be corrected when hemoglobin is below 12 g/dL. 

  Fig. 16.4    Virtual CT simulation showing DRR with irradiation fi eld       

  Fig. 16.5    Virtual CT simulation showing DRR with vol-
ume for palliative treatment of bladder cancer       
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 Common acute side effects, which occur in 
the majority of patients, are acute radiation cysti-
tis and proctitis. In case of urinary symptoms, 
urinary infection should be excluded and, if 
 present, be treated. There is no evidence for the 
prophylactic use of antibiotics during radiother-
apy. A high fl uid intake should be advised. 
Catheterization should be avoided to minimize 
the risk of infection. Proctitis can be treated with 
topical steroids. 

 Important late side effects in the bladder 
include urgency and chronic cystitis. Severe late 
effects (grade 3+) occur in about 5 % of the 
patients (Rodel et al.  2002 ). Bladder shrinkage 
with need for secondary cystectomy has been a 
problem in older studies but is very rare with con-
temporary treatment concepts and doses; the risk 
is surely below 1 %. Late bowel toxicity has been 
noted in about 5 % of patients. The overall qual-
ity of life after a bladder-preserving therapy is 
good and probably at least as good as or better 
than after cystectomy although there are no exact 
data on other symptoms, such as vaginal dryness 
and stenosis in women, impotence in men, and 
bladder-specifi c quality of life.  

16.6     Follow-up 

 Six weeks after the treatment, the response 
should be evaluated by restaging TUR. In case of 
complete response (CR), the patient should be 

observed at regular intervals. In case of persistent 
or recurrent invasive tumor, salvage cystectomy 
should be considered. Patients with preserved 
bladder should undergo lifelong surveillance 
with regard to new bladder cancers.     
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17.1            Radiotherapy After 
Breast- Conserving 
Surgery (WBI) 

17.1.1     Indications for Whole Breast 
Irradiation (WBI) 

 Postoperative radiotherapy of the whole breast 
(WBI) is an essential part of breast cancer treat-
ment and should be offered to all women after 
breast-conserving surgery (BCS) in the absence 
of medical contraindications such as severe 
comorbidities (Belkacémi et al.  2011 ; NCCN 
 2014 ; New Zealand Guidelines Group (NZGG) 
 2009 ; S3  2012 ; Sedlmayer et al.  2013a ). 

  Body of Evidence 
 The benefi t of WBI is illustrated by the latest meta-
analysis of the Early Breast Cancer Trialists’ 
Collaborative Group (Darby et al.  2011 ) 
(Table  17.1 ). In 17 randomized studies, results of 
postoperative radiotherapy vs. none were com-
pared. A total of 10,801 patients with pT1-2 tumors 
were included, the majority of whom ( n  = 7,287) 
were node negative (pN0). WBI substantially 
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reduced the 10-year rate of any recurrence (local or 
distant). The 10-year rate of locoregional recur-
rence (LRR) as fi rst event was threefold higher for 
non-irradiated women. Moreover, RT provided an 
absolute reduction of the breast cancer death rate of 
3.8 %. In summary, radiotherapy halved the aver-
age annual rate of disease recurrence and reduced 
the annual breast cancer death rate by about one 
sixth. On average, in all patients about one breast 
cancer death was avoided by year 15 for every four 
recurrences avoided by year 10 (Darby et al.  2011 ).

     Elderly Patients 
 In the above cited meta-analysis, women who were 
60–69 years old had an absolute gain in 10-year any 
recurrence rate of 14.1 % (2 p  = 0.00001) and 
patients >70 years still 8.9 % (2 p  = 0.00002) (Darby 
et al.  2011 ). No subgroup has yet been identifi ed in 
whom patients did not profi t from RT after BCS in 
terms of improved local tumor control. Hence, 
omission of RT in patients of advanced age even 
with favorable prognostic factors (pN0, ER positive, 
low grade) should only be considered in the pres-
ence of comorbidities with a substantial reduction 
of life expectancy (Belkacémi et al.  2011 ; Biganzoli 
et al.  2012 ; S3  2012 ; Sautter-Bihl et al.  2012 ).   

17.1.2      Treatment Planning 
and Technique for WBI 

 For planning and treatment, patients are usually 
placed in supine position with elevation of the ipsi-
lateral or both arms in immobilization cradles. Prone 

position may be an alternative for some patients 
with regard to sparing normal tissue (Kirby et al. 
 2011 ; Leonard et al.  2012 ). Individual CT-based 
3-D planning is mandatory. Several anatomically 
based instruction guidelines have been published for 
the defi nition of the planning target volume (PTV) 
(Nielsen et al.  2013 ; RTOG  2014 ). The PTV 
includes the mammary gland and the adjacent chest 
wall. Organs at risk (OAR) like the lung, heart, and 
contralateral breast are routinely contoured and the 
esophagus or spinal cord when indicated. 

 Detailed instructions for contouring of the heart 
are provided by the atlas of Feng et al. (Feng et al. 
 2011 ). Contouring of the whole heart should start 
directly inferior to the left pulmonary artery. The 
pericardium should be included as cardiac vessels 
run within the fatty tissue. Inferiorly, the heart blends 
with the diaphragm. One of the clinically most rele-
vant structures for late toxicity is the left anterior 
descending artery (LAD) (Fig.  17.1a, b ), as it is the 
major coronary vessel in the closest vicinity to left- 
sided tangential RT fi elds. The LAD originates from 
the left coronary artery and runs in the interventricu-
lar groove between the right and left ventricle and 
may be diffi cult to identify without contrast enhance-
ment in the planning CT (Feng et al.  2011 ).  

 Homogeneity requirements in dose distribution 
as described by the ICRU reports 50 and 62 are 
usually achieved by conformally shaped tangen-
tial wedged fi eld techniques, mostly with photons 
at energies of 4–8 MV. For larger breasts, higher 
energies and/or intensity modulation (IMRT) 
within the tangential beams may be appropriate to 
fulfi ll the minimum homogeneity criteria (Barnett 

   Table 17.1    Results of 17 randomized studies comparing postoperative whole breast irradiation vs. none after breast- 
conserving surgery   

 – 

 pN0  pN+ 

 RT  No RT  RT  No RT 

 10-year any recurrence  15.6 %  31.0 %  42.5 %  63.7 % 
 Absolute gain   15.4 %    21.2 %  

 2 p  < 0.00001  2 p  = 0.00001 
 15-year any death  30.4 %  33.2 %  47.7 %  58.4 % 
 Absolute gain   2.8 %    10.7 %  

 n.s.  2 p  = 0.005 
 15-year BC mortality  17.2 %  20.5 %  42.8 %  51.3 % 
 Absolute gain   3.3 %    8.5 %  

 2 p  = 0.005  2 p  = 0.01 

  Darby et al. ( 2011 )  
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et al.  2012 ; ICRU  1993 ,  1999 ). However, IMRT 
increases low-dose exposure to a larger volume of 
normal tissue and contralateral breast (Lohr et al. 
 2009 ). Therefore, sparing of OAR must be 
weighed against a potentially increased risk of 
secondary tumor induction (Donovan et al.  2012 ; 
Hall and Wuu  2003 ), and the routine use of multi-
angle IMRT techniques is critical (Fig.  17.2a, b ). 
However, IMRT may be benefi cial for patients 
with diffi cult anatomical conditions (i.e., funnel 
chest) where tangential fi eld arrangements would 
lead to excessive exposure of OARs. In these 
cases, WBI in prone position may provide an 
alternative. For left-sided RT, the use of active 
breathing control such as computer-assisted breath 
hold in deep inspiration (Swanson et al.  2013 ; Zurl 
et al.  2010 ) provides another possibility of sparing 

cardiac dose exposure (Fig.  17.3a–d ) as it increases 
the distance between the target volume and heart 
(Lin et al.  2008 ).   

 The doses for target volume and OAR are doc-
umented in dose-volume histograms (DVH). For 
quality control, repeated imaging (mostly by 
electronic portal imaging or kV-based scans) 
should be performed to verify and document cor-
rect fi eld setup.  

17.1.3      Dose and Fractionation 
for WBI 

 Conventional fractionation (CF) with a total dose of 
50–50.4 Gy in single fractions of 1.8–2 Gy is still 
regarded as standard in many current guidelines 

a b

  Fig. 17.1    ( a ,  b ) Whole breast irradiation: contouring of the planning target volume (PTV), breast and tumor bed with 
clip, and the heart and left anterior descending artery (LAD)       

a b

  Fig. 17.2    ( a ,  b ) Internal mammary node irradiation 
(IMN-RT): comparison of the dose distribution with 3-D 
tangential fi elds ( a ) versus multiangle IMRT ( b ); reduced 

lung dose, increased low-dose exposure to a larger volume 
of normal tissue and contralateral breast       
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(Belkacémi et al.  2011 ; NCCN  2014 ; S3  2012 ; 
Sedlmayer et al.  2013a ). Divergence exists con-
cerning the appraisal of hypofractionation (HF) as a 
routinely applicable alternative (NCCN  2014 ; 
NICE  2009 ) or as an option restricted to selected 
patients (S3  2012 ; Smith et al.  2011 ). The ASTRO 
consensus (Smith et al.  2011 ) and the German S3 
guidelines (S3  2012 ) additionally recommend to 
refrain from HF when a homogenous dose is not 
achievable and in patients who need a boost. In the 
practical guidelines of the DEGRO, hypofraction-
ated WBI with single doses up to 2.7 Gy in 15–16 
fractions to total doses of 40–42 Gy is stated as an 
option for older women with pT1-2 pN0 tumors 
who need no chemotherapy. The additional use of a 
sequential boost is possible (Sedlmayer et al. 
 2013a ). 

 One critical structure for potential late toxicity 
of RT is the heart. As late cardiac toxicity of HF is 
not yet been suffi ciently evaluated in long-term 
follow-up and the latency for clinical manifesta-
tion of cardiovascular effects may be 15 years or 
longer (Harris et al.  2006 ), HF might be critical in 
cases of relevant dose exposure to the heart, espe-
cially in women with a longer life expectancy. 

  Body of Evidence for Hypofractionation (HF) 
 Four randomized clinical trials (Bentzen et al. 
 2008a ,  b ; Haviland et al.  2013 ; Owen et al.  2006 ; 
Whelan et al.  2010 ) investigated HF schedules 
(39–42.9 Gy in single fractions of 2.6–3.3 Gy) 
for iso-effectiveness compared to conventional 
fractionation (CF) (50 Gy à 2 Gy), three of those 
in the last decade. In a Cochrane meta-analysis, 

a

c

b

d

  Fig. 17.3    ( a–d ) Whole breast irradiation (WBI): com-
parison of the dose distribution to the heart, left anterior 
descending coronary artery (LAD), and lung with ( a ,  b ) 

and without ( c ,  d ) active breathing control (ABC). ABC 
increases the distance between the heart and LAD to the 
treatment volume       
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published in 2010, these four studies were classi-
fi ed as low to medium quality (James et al.  2010 ). 
The authors summarized their fi ndings to provide 
reassurance that offering HF to carefully selected 
patients was unlikely to be detrimental in terms 
of local control, breast appearance, survival, or 
late radiation breast toxicity for women with 
small to medium breasts and older than 50 years 
with small, node-negative tumors. 

 Longer follow-up was then provided in 2013, 
when the updated results of the two  START trials  
were published (Haviland et al.  2013 ). Overall, 
4,451 women with invasive breast cancer (pT1–
3a, pN0–1, M0) were enrolled. Primary end-
points were locoregional recurrence, late normal 
tissue effects, and quality of life. 

 For  START A  2,236 women were randomly 
assigned for CF with 50 Gy in 25 fractions over 
5 weeks compared with 41.6 or 39 Gy in 13 
fractions over 5 weeks. Median age was 
57 years, 85 % had BCS, 51 % had tumors 
smaller than 2 cm, 29 % had positive lymph 
nodes, 70 % had grade 1 or 2 disease, 35 % 
received adjuvant chemotherapy, 14 % received 
lymphatic radiotherapy, and 61 % had an addi-
tional boost (5 × 2 Gy). The 10-year rates of 
local-regional relapse did not differ signifi -
cantly between the 41.6 and 50 Gy regimen 
groups (6.3 % vs. 7.4 %) or the 39 and 50 Gy 
regimen groups (8.8 % vs. 7.4 %). Distant 
relapses, disease-free survival, and overall sur-
vival were not signifi cantly different between 
schedules as compared with 50 Gy (Haviland 
et al.  2013 ).  START B:  2,215 women were 
recruited, a regimen of 50 Gy in 25 fractions 
over 5 weeks was compared with 40 Gy in 15 
fractions over 3 weeks, and median follow-up 
was 9.9 years. Median age was 57 years, 92 % 
had BCS, 64 % had tumors smaller than 2 cm, 
23 % had positive lymph nodes, 75 % had grade 
1 or 2 disease, 22 % received adjuvant chemo-
therapy, 7 % received lymphatic radiotherapy, 
and 43 % patients had an additional boost of 
5 × 2 Gy. The proportion of patients with local- 
regional relapse at 10 years did not differ sig-
nifi cantly between the 40 Gy group (4.3 % vs. 
5.5 %) and the 50 Gy group. In contrast to 

START A, the 10-year rate of distant metasta-
ses was 12.3 % for HF vs. 16 % for CF 
( p  = 0.01); all-cause mortality was 15.9 % for 
HF vs. 19.2 % for CF ( p  = 0.042). A difference 
of about 3 % for DFS and OAS had already 
been described after 5 years in the START B 
group; according to the authors, it is unexpected 
and not attributable to differences in local con-
trol and remains unexplained in the 10-year 
update (Haviland et al.  2013 ).  

  Cosmesis 
 Cosmesis was evaluated in about half of the 
START patients. Photographs were taken before 
RT and at 2 and 5 years; however an unspecifi ed 
number had no 5-year photographic assessment. 
After 5 years, a quality of life study was per-
formed in half of the patients of both studies 
(2,208 women). Patient-reported symptoms were 
moderate or marked changes in breast appear-
ance in about 40 %, breast shrinkage in one 
fourth, and moderate or marked pain in the arm 
and shoulder in one third of the participants. 
Change in skin appearance was less in the HF 
arms (28 % vs. 23 % in START B) (Hopwood 
et al.  2010 ). These patient-reported results were 
not updated in the 10-year analysis; the rate of 
physician-reported breast shrinkage in the 
10-year update was 31.2 % for CF vs. 26.2 % for 
HF ( p  = 0.015); of breast induration, 17.4 % CF 
vs. 14.3 % HF (n.s.); and of breast edema, 9.0 % 
vs. 5.1 % (n.s.) (Haviland et al.  2013 ). 

 In the  Canadian study  (Whelan et al.  2010 ), 
1,234 patients with pT1-2 node-negative tumors, 
a breast size <25 cm (measured as width at the 
posterior border of the medial and lateral tangen-
tial beams), were randomized for CF (50 Gy in 
fractions of 2 Gy) vs. HF (42.5 Gy in fractions of 
2.6 Gy); in both arms, no boost was used, no 
lymph node irradiation was performed, and che-
motherapy was applied in 10.9 %. The majority 
(76 %) were >50 years. In the whole group, the 
10-year LRR was similar (6.2 vs. 6.7 %) with the 
exception of poorly differentiated tumors where 
HF provided an inferior tumor control (10-year 
LRR 15.6 % for HF vs. 4.7 % with CF,  p  = 0.01). 
No difference in survival was observed.  
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  Cosmesis 
 It was evaluated by experienced nurses, and the 
10-year follow-up revealed fair or poor results in 
one third, good results in 39 %, and excellent results 
in 30 % for both groups (Whelan et al.  2010 ).  

  Comments and Conclusions 
 HF appears as a safe treatment concerning onco-
logic outcome and non-inferior regarding cos-
mesis. So far, data from the randomized studies 
refer to women mostly >50 years, predominantly 
with small- to medium-sized breasts and node- 
negative tumors. The question remains whether 
these results are assignable to all women with 
early breast cancer, especially those of younger 
age, large breasts, and positive nodes and the 
large group of women receiving chemotherapy 
with modern combinations. Changes in breast 
appearance were reported to be no worse than 
with CF; however, uncertainty remains whether a 
rate of about one third fair and poor results is an 
adequate benchmark nowadays.    

17.2     Boost 

17.2.1     Indications for Boost RT 

 An additional boost to the tumor bed improves 
local control and is therefore generally recom-
mended (Belkacémi et al.  2011 ; NCCN  2014 ) with 
the exception of postmenopausal patients with 
very low-risk tumors (in particular >60 years of 
age, small tumors, good prognostic features). The 
absolute benefi t of the boost is smaller in this sub-
group; therefore its omission may be considered. 

  Body of Evidence 
 Two large randomized studies evaluated local 
tumor control of WBI alone vs. WBI plus boost. 
The EORTC trial (Bartelink et al.  2007 ) com-
prised 5,318 patients, and the 10-year LRR was 
10.2 % for the boost group and 6.2 % for patients 
with WBI alone (hazard ratio (HR) 0.59, 0.46–
0.76). LRR was about halved in all age groups 
though the absolute reduction was smaller in 
older patients (Antonini et al.  2007 ). The boost 
technique (electrons, external beam photons, or 

brachytherapy) had no signifi cant impact on the 
oncologic outcome. The reduction of LRR did 
not translate into improved survival in this trial. 
Similar results were achieved in the Lyon Trial 
(Romestaing et al.  1997 ); however, no update of 
these 5-year results has been published.   

17.2.2     Treatment Planning 
and Techniques of Boost RT 

 The PTV encompasses the tumor bed including 
seroma and a safety margin (Fig.  17.4 ). The 
width of the margin varies from 5 to 30 mm 
(Nielsen et al.  2013 ; Poortmans et al.  2009 ; van 
der Laan et al.  2010 ).  

 The following techniques are used for boost 
treatment: external beam photons and electrons 
(Bartelink et al.  2007 ), interstitial brachytherapy 
(Polgár and Major  2009 ), endoluminal brachy-
therapy (Shah et al.  2010 ), and intraoperative 
radiotherapy with electrons (IOERT) (Fastner 
et al.  2013 ) or low-energy photons (kV) (Vaidya 
et al.  2011 ). Dose distribution is substantially 

  Fig. 17.4    Boost RT: dose distribution 3-D conformal 
technique, photons. Clip inside the tumor bed for better 
localization of boost region       
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 different for these techniques; therefore, outcome 
analyses of local control rates have to take 
account for the limited biological comparability 
of dose specifi cations, according to the respective 
method (Jalali et al.  2007 ; Nairz et al.  2006 ).  

17.2.3     Dose and Fractionation 
of Boost RT 

 For an external beam boost, a dose of 10–16 Gy 
in 5–8 fractions is commonly recommended 
(Belkacémi et al.  2011 ; NCCN  2014 ; New 
Zealand Guidelines Group (NZGG)  2009 ; S3 
 2012 ) following WBI. 

 For the simultaneously integrated boost, sin-
gle fractions of 2.1–2.25 Gy are applicable 
(Sedlmayer et al.  2013b ). 

 For brachytherapy and IORT, varying doses 
are applied according to the respective method 
(see below). 

  Body of Evidence 
 In the EORTC boost trial, a dose of 16 Gy was 
used either in 8 fractions of 2 Gy EBRT or as low-
dose-rate brachytherapy using iridium-192 
implants with a dose rate of 0.5 Gy per hour. In 
the French randomized trial, Romestaing et al. 
(Romestaing et al.  1997 ) used 10 Gy in fractions 
of 2 Gy; updated results have not been published. 
A subgroup analysis of the EORTC boost trial 
(Poortmans et al.  2009 ) assessed the outcome of 
251 patients with R1 resection who were random-
ized to receive either a 10 Gy or a 26 Gy boost. 
There was no statistically signifi cant difference 
in local control or survival between the lower and 
the higher boost dose group. Fibrosis occurred 
signifi cantly more often after 26 Gy. Extrapolating 
these results on patients with complete resection, 
it seems justifi able to use a 10 Gy boost, even 
though data are less valid than for 16 Gy (S3 
 2012 ). In a European survey about current prac-
tice in breast RT, one third of the institutions used 
a 10 Gy boost dose (van der Laan et al.  2010 ). 

 Recently, several studies evaluated the tech-
nique of a simultaneously integrated boost which 
is administered by daily zonal dose augmenta-
tions (Bantema-Joppe et al.  2012 ; Hurkmans 

et al.  2006 ; Van Parijs et al.  2012 ). Long-term 
data are not yet available, but radiobiological 
considerations suggest that single tumor bed 
doses of 2.1 Gy for low-risk tumors up to 2.25 Gy 
for constellations with higher risk for local recur-
rence seem to be within the acceptable range. 
Outside clinical trials, SIB technique with HF is 
discouraged (Sedlmayer et al.  2013b ).    

17.3     Accelerated Partial Breast 
Irradiation (APBI) 

17.3.1     Indications for APBI 

 Accelerated partial breast irradiation (APBI) 
refers to RT of a smaller (partial) breast volume 
over a shorter treatment time, covering the tumor 
bed with a limited margin of normal tissue. APBI 
can be delivered intraoperatively in a single frac-
tion or postoperatively over 1–3 weeks by 
brachytherapy or external beam radiotherapy. 

 For patients at a lower risk for local recur-
rence, APBI has been strongly propagated in the 
last years as it spares treatment time and costs 
and allegedly provides less toxicity, however 
possibly on the expense of deteriorated local con-
trol (Valachis et al.  2010 ). 

 There is no general consensus regarding the 
indication for using ABPI as a sole treatment for 
breast cancer. While the ASTRO and GEC- 
ESTRO permit APBI for selected patients (Polgár 
et al.  2010 ; Smith et al.  2009 ), the German inter-
disciplinary guidelines do not recommend APBI 
outside clinical trials (S3  2012 ), while the 
DEGRO practical guidelines (Sedlmayer et al. 
 2013a ) regard ABPI with IORT or brachytherapy 
as an option for patients >70 years with node- 
negative T1, luminal A tumors. 

  Body of Evidence 
 Four Phase III randomized trials evaluating APBI 
have been published, three of those have method-
ological drawbacks concerning failed patient 
accrual (Dodwell et al.  2005 ; Polgár et al.  2013 ) 
or specifi cation of the technique and target vol-
ume (Ribeiro et al.  1993 ).  
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 A meta-analysis of these trials revealed an 
increased risk for both local (odds ratio (OR) 
2.15;  p  0.001) and regional recurrences (OR 3.43; 
 p  < 0.001) for APBI compared to WBI, however, 
not yet translating in a survival difference (OR 
0.91;  p  0.55) (Valachis et al.  2010 ). 

 TARGIT-A was a randomized, non-inferiority 
trial (Vaidya et al.  2014 ). Women aged 45 years 
and older with invasive ductal carcinoma were 
enrolled and randomly assigned to receive intraop-
erative radiotherapy (IORT) ( n  = 1,721) or WBI 
with 50 Gy in fractions of 2 Gy.whole breast 
EBRT ( n  = 1,730). For IORT, a point source of 
50 kV energy x-rays at the center of a spherical 
applicator is used, delivering a dose of 20 Gy to 
the surface of the tumor bed that attenuates to 
5–7 Gy at 1 cm depth. 

 Randomization occurred either before lumpec-
tomy (prepathology stratum, i.e., IORT concurrent 
with lumpectomy) or after lumpectomy (postpathol-
ogy stratum, i.e., IORT given subsequently by 
reopening the wound). Of the group randomized for 
IORT, 15.2 % received supplemental WBRT if 
unforeseen adverse features were detected on fi nal 
pathology but counted as APBI according to the 
intent-to-treat principle. The primary endpoint was 
the absolute difference in local recurrence in the 
conserved breast, with a non-inferiority margin of 
2.5 % at 5 years. The median follow-up of all 
patients was 29 months. The 5-year risk for in-breast 
recurrence was 3.3 % for APBI vs. 1.3 % for EBRT 
( p  = 0.042). Overall, breast cancer mortality was 
similar between groups (2.6 % for APBI vs. 1.9 % 
for WBRT;  p  = 0.56). Toxicity was comparable, and 
grade 3 or 4 skin complications were less frequent 
with IORT (0.2 %) vs. EBRT (0.7 %,  p  = 0.029). 

 In the ELIOT trial (Veronesi et al.  2013 ), 
1,305 women aged 48–75 years with early breast 
cancer, a maximum tumor diameter of up to 
2.5 cm, were randomly assigned to WBRT 
( n  = 654) with 50 Gy plus boost or intraoperative 
radiotherapy with electrons (IOERT) with a sin-
gle dose of 21 Gy to the tumor bed during surgery 
( n  = 651). The primary endpoint was occurrence 
of ipsilateral breast tumor recurrences (IBTR); 
overall survival was a secondary endpoint; the 
main analysis was by intention to treat. 

 After a medium follow-up of 5.8 years, 35 
patients in the intraoperative radiotherapy group 
and four patients in the external radiotherapy 
group had had an IBTR. The 5-year event rate for 
IBRT was 4.4 % in the IOERT group and 0.4 % 
in the WBRT group ( p  < 0.0001). The 5-year 
OAS was identical (96.8 %). The authors state 
that they observed signifi cantly ( p  = 0.0002) 
fewer skin side effects with IOERT. In patients 
with data available ( n  = 876), acute skin toxicity 
was 6.9 % with WBI vs. 1.2 % with IOERT; how-
ever, chronic skin toxicity was observed in 5 of 
464 patients after WBI (1.1 %) and 6 of 412 
patients (1.5 %) with IOERT (Veronesi et al. 
 2013 ). 

  Comments and Conclusion 
 The available data strongly indicate an increased 
risk of in-breast recurrence for patients treated 
with APBI alone, while toxicity is comparable. 
The question remains whether even a small reduc-
tion of local control appears justifi able in patients 
with early breast cancer, who have an excellent 
prognosis with standard WBI (Moser and Vrieling 
 2012 ; Sautter-Bihl et al.  2010 ). Of note, long-
term results of APBI studies are mandatory for 
fi nal assessment of its effectiveness as true local 
recurrences are presumed to occur between 40 
and 65 months after primary treatment and out-
quadrant relapses even later (Brooks et al.  2005 ; 
Freedman et al.  2005 ; Gujral et al.  2011 ).   

17.3.2     Technique and Dose of APBI 

 The following techniques are used: external beam 
RT (Lewin et al.  2012 ; Vicini et al.  2010 ), inter-
stitial brachytherapy (Arthur et al.  2008 ; Ott et al. 
 2007 ), endoluminal brachytherapy, and intraop-
erative radiotherapy with electrons (Veronesi 
et al.  2010 ) or low-energy photons (Vaidya et al. 
 2010 ). Dose distribution is substantially different 
for these techniques; therefore, outcome analyses 
of local control rates have to take account for the 
limited biological comparability of dose specifi -
cations, according to the respective method 
(Sautter-Bihl et al.  2010 ).   
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17.4     Postmastectomy 
Radiotherapy (PMRT) 

17.4.1      Indications for Postmastectomy 
Radiation (PMRT) 

 While the indication for PMRT is undisputed for 
women with T4 tumors and ≥4 affected nodes, it 
has been an issue of debate for those with 1–3 
positive nodes. Recent data confi rm the benefi t of 
PMRT for pN1 patients (EBCTCG). Moreover, 
PMRT should be considered in node-negative 
patients with T3 tumors in case of additional risk 
factors such as lymphovascular invasion, blood 
vessel invasion, positive node ratio >20%, resec-
tion margins <3 mm, grading 3, young age/pre-
menopausal, extracapsular invasion, negative 
hormone receptors, invasive lobular cancer, or a 
tumor size >2 cm. 

  Body of Evidence 
 The latest meta-analysis of the Early Breast 
Cancer Trialists’ Collaborative Group 
(EBCTCG)  2014 ) confi rmed the effectiveness of 
PMRT for women with 1–3 positive nodes as 
described by the Danish Breast Group and the 
British Columbia trial (Overgaard et al.  2007 ; 
Ragaz et al.  2005 ). The EBCTCG analyzed data 
of 8,135 women in 22 randomized trials (treated 
before 2000), comparing PMRT to the chest wall 
and regional lymph nodes after mastectomy and 
axillary  surgery versus the same surgery without 
radiotherapy. Of those, 3,786 women had axil-

lary lymph node dissection (ALND) to at least 
level II and/or a median number of at least 10 
removed nodes. Less extensive surgery 
( n  = 4,065) was classifi ed as axillary sampling 
(AS). In 183 patients the extent of surgery was 
not specifi ed. Analyses were stratifi ed by trial, 
individual follow-up year, age at entry, and path-
ological nodal status. Overall, 5,821 patients 
(72 %) were node positive, of those 54 % had 
ALND and 44 % had AS, whereas in the 1,594 
node-negative women, 44 % had ALND and 
55 % underwent AS. After complete axillary dis-
section, node-negative patients did not profi t 
from PMRT, neither in terms of recurrence nor 
survival. By contrast, for the 870 women with 
node-negative disease who underwent axillary 
sampling only, PMRT provided a fi vefold reduc-
tion of local recurrence (16.3 vs. 3.3 % 
 p  < 0.00001); moreover, any recurrence was 
reduced by 12.1 % (34.2 vs. 22.1 %,  p  < 0.00001). 
However, no signifi cant difference in survival 
was observed (Table  17.2 ).

    Among the 1,314 women who had axillary dis-
section and only one to three positive nodes, 
radiotherapy reduced locoregional recurrence 
(2 p  < 0.00001), overall recurrence (RR 0.68, 95 % 
CI 0.57–0.82, 2 p  = 0.00006), and breast cancer 
mortality (RR 0.80, 95 % CI 0.67–0.95, 2 p  = 0.01). 

 The absolute gain for irradiated women was 
comparable between pN1-3 and pN4+ patients: 
10-year LC 16.5 % ( pN1-3) and 19.1 % (pN4+) 
in favor of the irradiated group. In terms of over-
all recurrence, the absolute benefi t was 11.5 % 

   Table 17.2    Results of the EBCTCG 2014 comparing postoperative radiotherapy after mastectomy (PMRT) vs. none   

 – 

 1–3 LK  4+ LK 

 RT  No RT  RT  No RT 

 10-year LRR  3.8 %  20.3 %  13.0 %  32.1 % 
 Absolute gain   16.5 %    19.1 %  

 2 p  < 0.00001  2 p  < 0.00001 
 10-year any recurrence  34.2 %  45.7 %  66.3 %  75.1 % 
 Absolute gain   11.5 %    8.8 %  

 2 p  0.00006  2 p  0.0003 
 20-year BC mortality  42.3 %  50.2 %  70.7 %  80 % 
 Absolute gain   7.9 %    9.3 %  

 2 p  = 0.01  2 p  = 0.04 

  Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) ( 2014 )  
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(pN1-3) and 8.8 % (pN4+). PMRT provided an 
absolute reduction of 20-year breast cancer mor-
tality of 7.9 % (2 p  = 0.01) for pN1-3 and 9.3 % 
(2 p  = 0.04) for pN4+ patients. These effects 
were similar whether patients received systemic 
treatment or not. 

  Comments and Conclusion 
 The available evidence strongly suggests to offer 
PMRT to all node-positive patients.   

17.4.2     Treatment Planning, 
Technique, and Dose 
for PMRT of the Chest Wall 

 Three-dimensional CT planning is mandatory. 
The PTV comprises the chest wall including the 
scar and a safety margin. The cranial and caudal 
fi eld borders are adapted to the size and position 
of the contralateral breast with the inferior exten-
sion about 1.5 cm below the original submam-
mary fold. For sparing of the OAR, the same 
technical options apply as described for WBI in 
Sect.  17.1.2 . However, the target volume of 
PMRT differs substantially from WBI as it is 
usually more fl at shaped and includes the chest 
wall more generously (Fig.  17.5 ). IMRT may be 
helpful, especially for left-sided cancer (Rudat 
et al.  2011 ).  

 RT is performed in supine position with 
abducted arm using breast tilt boards with arm 
rest. Patients who receive PMRT are often in an 
advanced stage requiring regional node irradia-
tion (RNI) (Sect.  17.5.3 ).  

17.4.3     Dose and Fractionation 

 The standard dose is 50–50.4 Gy delivered 
in 1.8–2 Gy per fraction. In the above cited 
articles about HF, only a minority of patients 
(ca.500/7,095) were treated with HF after mas-
tectomy. Data of this subgroup revealed no dif-
ference in local control and toxicity (Théberge 
et al.  2011 ). As many patients treated with mas-
tectomy have an advanced stage and need RNI 
or  chemotherapy, the same concerns regarding 

HF should be taken into account as for BCS 
(Sect.  17.1.3 ). 

  Boost 
 In areas at high risk of local recurrence, i.e., in case 
of close margins or R1 resection status, a boost 
may be considered (Buchholz and Haffty  2008 ).    

17.5     Regional Nodal 
Irradiation (RNI)  

17.5.1      General Indications 
for Regional Nodal Irradiation 

 Basically the same indications apply whether 
BCS or mastectomy has been performed. 
However, no studies have yet been performed for 
RNI versus chest wall irradiation alone. 

 In case of 4 positive axillary nodes, the indica-
tion for RNI is undisputed. For patients with 1–3 
positive nodes (pN1), recommendations of differ-
ent international guidelines are confl icting. 
Indirect evidence for the benefi t of RNI for patients 
with 1–3 positive axillary nodes may be derived 
from the recent meta-analysis of the Early Breast 
Cancer Trialists’ Collaborative Group (EBCTCG) 

  Fig. 17.5    Postmastectomy radiotherapy (PMRT): dose 
distribution to the heart and lung in deep breath hold       
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that demonstrated an equivalent benefi t for patients 
who received PMRT vs. no radiotherapy in the 
group of 1–3 positive axillary nodes compared to 
those who had ≥4 affected nodes. RNI was part of 
PRMT in almost all of the analyzed trials 
(EBCTCG)  2014  (see Sect.  17.4.1 ).  

17.5.2     Body of Evidence from Recent 
Randomized Trials 

17.5.2.1     Canadian Trial (NCIC- CTG 
MA.20) (Whelan et al.  2011 ) 

 Beyond retrospective data, the fi rst random-
ized study providing evidence for the benefi t of 
RNI especially in patients with 1–3 LN was the 
NCIC- CTG MA.20 trial, to date not yet pub-
lished as full paper (Whelan et al.  2011 ). The 
study comprised 1.832 women with mostly 1–3 
positive axillary nodes (85 %) and a minority of 
women (10 %) with negative nodes in the pres-
ence of high risk factors. Patients were random-
ized after breast-conserving surgery and ALND 
to either WBI or WBI and additional RNI. The 
target volume in the RNI group included levels 
I–III of the axillary nodes and supraclavicu-
lar and internal mammary nodes. The 5-year 
locoregional recurrence- free survival was 
96.8 % with and 95.5 % without RNI ( p  = 0.02). 
The 5-year disease- free survival (DFS) was sig-
nifi cantly improved in the RNI group: 89.7 % vs. 
only 84 % patients with WBI alone ( p  = 0.003). 
This difference is twice as high as the absolute 
benefi t in terms of local control and therefore 
hypothetically attributable to the signifi cant 
positive impact on distant metastasis-free sur-
vival (DMFS) with an absolute 5.4 % reduc-
tion at 5 years in the RNI arm ( p  = 0.002). There 
was a trend toward improved OAS (92.3 % vs. 
90.7 %), however, just below statistical sig-
nifi cance ( p  = 0.07). The rate of lymphedema 
(any grade) was 4 % without vs. 7 % with RNI 
( p  = 0.004) which is in accordance to recent lit-
erature (Shah et al.  2012 ). The rate of pneumo-
nitis was slightly increased after RNI (1.3 % 
vs. 0.2 %) but altogether low. Data concerning 
cardiovascular toxicity were not yet provided. 
The authors concluded that RNI reduces the 

risk of locoregional and distant recurrence and 
improves DFS with a trend in improved OAS 
(Whelan et al.  2011 ).  

17.5.2.2     European Study EORTC 
22922-10925 (Poortmans 
et al.  2013 ) 

 This study, to date not yet published as full paper, 
included 4.004 women stages I–III with mostly 
pT1-2 tumors (95 %) and either involved axil-
lary LN (55.6 %) or a medially located primary 
tumor (44.5 %). Patients were randomized after 
BCS (76.1 %) or mastectomy (23 %) to receive 
WBI/PMRT either with or without inclusion of 
the internal mammary nodes and medial supracla-
vicular node (IM-MS RT) with 50 Gy in 25 frac-
tions. After mastectomy, chest wall irradiation was 
applied to 73.2 % of patients in both arms. Dose 
specifi cations for WBI or chest wall irradiation 
were not required; presumably, relevant parts of 
the axilla were included in these fi elds. Nearly all 
LN-positive patients (99.0 %) and 66.3 % of the 
LN-negative patients received adjuvant systemic 
treatment. After adjustment for stratifi cation fac-
tors, IM-MS RT signifi cantly improved outcome 
at 10 years: OAS (82.3 vs. 80.7 %,  p  = 0.049), 
DFS (72.1 vs. 69.1 %,  p  = 0.044), and metastasis-
free survival (78.0 vs. 75.0 %,  p  = 0.020). The 
treatment effect on OAS was similar for pN1 vs. 
pN2 patients but, interestingly, most pronounced 
for node-negative patients (HR 0.79, 95 % CI 
0.61–1.02). The highest benefi t was observed 
in patients receiving chemo- as well as endo-
crine therapy (HR 0.72, 95 % CI 0.55–0.94). 
While the local recurrence rate was similar (5.3 vs. 
5.6 %), regional lymph node recurrence was 2.7 % 
with RNI vs. 4.2 % without. In contrast to the fi nd-
ings in the Canadian study, the rates of any-grade 
lymphedema at 3 years were identical in both 
groups (Matzinger et al.  2010 ). No increase in 
lethal complications was observed so far, however, 
without providing details how cardiac toxicity was 
assessed. Moreover 10 years of follow-up may 
still be too short for fi nal conclusions. 

 Nonetheless, the authors conclude that radio-
therapy of the IMN and medial SCN should be 
recommended for patients with involved axillary 
LN and/or medially located primary tumor.  
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17.5.2.3     French Study (Hennequin 
et al.  2013 ) 

 In the only trial specifi cally addressing the 
contribution of RNI to the internal mammary 
nodes (IMN), 1,334 patients with either posi-
tive axillary nodes (75 %) or central/medial 
tumors irrespective of nodal status (25 %) were 
included. All patients were treated with PMRT 
to the chest wall, including SCN (plus axillary 
apex, in node- positive cases), and were random-
ized to receive additional IMN-RT or not. IMN 
included the fi rst 5 intercostal spaces. Overall, 
10-year OAS was 62.57 % with IMN-RT and 
59.3 % (n.s.) without. Node-negative patients 
(25 %) showed a trend toward a worse outcome 
with IMN-RT (n.s.), whereas node-positive 
patients seemed to profi t from IMN-RT (n.s.). 
The authors concede that the study may have 
been underpowered to prove a signifi cant sur-
vival benefi t for IMN-RT. No increase in car-
diac toxicity was observed in the IMN-RT group 
but may have been incompletely reported; the 
authors admit that their data do not permit a 
defi nite conclusion regarding toxicity and con-
clude that they cannot reliably recommend for 
or against IMN-RT (Hennequin et al.  2013 ).  

17.5.2.4     Meta-analysis of These Trials 
(Budach et al.  2013 ) 

 A meta-analysis of these data (Budach et al. 
 2013 ) revealed a more distinct benefi t of RNI on 
OAS with a hazard ratio of 0.82 ( p  = 0.011). The 
largest gain was observed for DMFS, possibly 
supporting the hypothesis of Hellman (Hellman 
 1997 ) that radiotherapy is “stopping metastases 
at their source.”   

17.5.3      Indications for RNI by Site 

17.5.3.1     Indications for RT 
of the Supraclavicular 
(or Infraclavicular) Nodes 
(SCN-RT) 

 SCN-RT is mandatory for patients with >3 
affected axillary nodes, in case of positive nodes 
in level III of the axilla and when RT of the axil-
lary nodes is indicated (Belkacémi et al.  2011 ; 

S3  2012 ). For women with 1–3 positive nodes, 
see general indications (Sect.  17.5.1 ).  

17.5.3.2     Indications for RT of the Axilla 
(ART) 

 ART is mandatory for patients with residual dis-
ease or if axillary nodes are palpably involved 
and no axillary lymph node dissection (ALND) 
was performed (NCCN  2014 ; S3  2012 ; Sautter- 
Bihl et al.  2014 ). 

 An unresolved question remains on how to 
treat patients with one or two positive sentinel 
nodes (SN) who receive no ALND as recently 
several guidelines (NCCN  2014 ; S3  2012 ) have 
permitted omission of ALND in selected patients 
with one or two pathologically positive SN after 
BCS, provided that they receive adjuvant WBI. 

  Body of Evidence 
 The American College of Surgeons Oncology 
Group (Giuliano et al.  2011 ) performed a non- 
inferiority trial including 891 women with pT1-2 
tumors and clinically negative axilla who under-
went SNB, revealing 1–2 pathologically affected 
nodes. Patients were randomized to either axil-
lary dissection ( n  = 445) or no further local treat-
ment ( n  = 446). All patients received adjuvant 
WBI. After a median follow-up of 6.3 years, no 
difference in LRR, OAS, and disease-free sur-
vival (DFS) was observed. The quality of evi-
dence provided by this study has been questioned 
due to several serious methodological drawbacks 
(Murthy et al.  2012 ).  

 The potential impact of occult SN metastases 
on prognosis was investigated in a subgroup anal-
ysis of the NSABP-B 32 trial (Krag et al.  2010 ). 
Immunohistochemical reevaluation of lymph 
nodes originally classifi ed as pathologically neg-
ative revealed occult metastases in 15.9 %. 
Follow-up showed a signifi cantly worse outcome 
of these patients compared to those who remained 
negative. The difference in 5-year OAS was 
1.2 % ( p  0.03), for 5-year DFS even 2.8 % ( p  
0.02) (Weaver et al.  2011 ). Several large retro-
spective cohort studies show a similar trend 
(Lupe et al.  2011 ; Pepels et al.  2012 ). 

 A systematic review of the effect of WBI on 
axillary recurrence after negative sentinel node 
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biopsy revealed an increased recurrence rate in 
patients who received no RT (van Wely et al. 
 2011 ). This may be explained by the fact that 
WBI covers at least parts of the axilla 
(Fig.  17.7d–f ) and thus exhibits a preventive 
effect on LRR. 

 The effectiveness of axillary radiation (ART) 
in comparison to ALND was investigated in the 
EORTC 10981–22023 AMAROS study (Rutgers 
et al.  2013 ; Straver et al.  2010 ). 4,806 patients 
with clinically negative nodes received SNB, of 
those, 1,425 revealed a pathologically positive 
SNB (of whom 60 % contained micrometastases 
only). These patients were randomized for either 
ALND or ART. The PTV included levels I–III of 
the axilla and the medial supraclavicular nodes. 
The 5-year axillary recurrence rate was 0.54 % 
after ALND and 1.03 % after ART. The planned 
non- inferiority test was underpowered because 
of the unexpectedly low number of events. 
No difference in OAS and DFS was observed. 
Lymphedema was found signifi cantly more often 
after ALND: 5-year rate 28 % compared to ART 
with 14 % ( p  0.0001). These data indicate equiva-
lent effectiveness of ART vs. ALND; however, the 
question remains whether omission of any local 
treatment of the axilla would have provided clini-
cally relevant differences. Patients with negative 
SNB, who had not received any axillary treatment, 
had a 5-year axillary recurrence rate of 0.8 %. The 
authors conclude that ART should become stan-
dard in SN-positive patients (Rutgers et al.  2013 ). 

 A compromise between RT of the complete 
axilla and total omission of any local treatment 
was proposed by Haffty et al. accounting for a 
potentially increased risk of local recurrence for 
SN-positive patients. He suggested the use of 
“high tangents” to assure inclusion of the level I 
of the axillary nodes at risk (Haffty et al.  2011 ). 
This was based on several studies investigating 
the dose delivered to the axillary nodes by con-
ventional tangential fi elds, and the exploration of 
a techniques yielding an improved coverage of 
level I by minor fi eld extensions in cranial direc-
tion (Alço et al.  2010 ; Reznik et al.  2005 ; 
Schlembach et al.  2001 ). To facilitate identifi ca-
tion of the region of interest, the SN resection site 
can be visualized by a clip placed at the hilum of 

the SN before its removal (Rabinovitch et al. 
 2008 ). RT in prone position is not advisable as it 
may fail adequate coverage of the SN area 
(Leonard et al.  2012 ).  

17.5.3.3     Indications for RT 
of the Internal Mammary 
Nodes (IMN-RT) 

 IMN-RT is mandatory if these nodes are clini-
cally or pathologically involved. 

 As IMN-RT increases dose exposure to the 
heart, it has no longer been recommended as a 
routine part of RNI in several guidelines (NCCN 
 2014 ; S3  2012 ). Controversy remains about the 
indication for patients with internal-central 
tumors and those with >4 positive nodes. In the 
French guideline, IMN-RT is recommended for 
all node-positive patients (Belkacémi et al.  2011 ), 
and in the American recommendations, IMN-RT 
should be “strongly considered” for patients with 
positive axillary nodes, regardless of the number 
of affected nodes and irrespective of preceding 
surgery and even “considered” for pN0 patients 
with tumors >5 cm or close margins after mastec-
tomy (NCCN  2014 ). In contrast, the interdisci-
plinary German guideline generally discourages 
routine use of IMN-RT (S3  2012 ). 

  Comments and Conclusions 
 Recent data strongly suggest the effectiveness of 
RT for pN1 patients. 

 Whether or not any local treatment of the 
axilla (ALND or ART) can be safely omitted in 
patients with one or two positive sentinel nodes 
who receive no ALND is a subject of ongoing 
controversy. ART seems iso-effective compared 
to ALND in terms of local control. 

 The perception that IMN-RT should not be 
performed has to be scrutinized in light of new 
evidence from recent randomized trials and sev-
eral population-based studies. Medial tumor 
location should regain relevance among decision 
criteria for IMN-RT as part of RNI. No increased 
cardiovascular disease or lethal complications 
were observed after a median follow- up period of 
10 years, but the limitations discussed above do 
not yet permit fi nal exclusion of late cardiac 
toxicity.    
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17.5.4     Targeting, Technique, 
and Dose for RNI 

 3-D treatment planning is mandatory; the differ-
ent lymph node areas in planning CTs are shown 
in Figs.  17.6  and  17.7a–f . Several anatomically 
based instruction guidelines have been published 
to defi ne individual contouring of the different 
lymph node regions (Atean et al.  2013 ; Dijkema 

et al.  2004 ; Kirova et al.  2010 ; RTOG  2014 ; 
Offersen et al.  2015 ). Substantial variations may 
be caused by patient positioning, especially the 
abduction of the arm which plays an important 
role (Kirova et al.  2010 ). It is therefore recom-
mended to perform the planning CT with 
abducted arm (Fig.  17.6 ).   

 Isolated RT of the axillary nodes is not per-
formed; usually the SCN and axilla are irradiated 
simultaneously in one PTV. For IMN-RT, the tar-
get volume should be restricted to the homolat-
eral side and not exceed beneath intercostal space 
3–4 (Dijkema et al.  2004 ). Conventional RT is 
usually performed in mixed beam technique to 
reduce radiation burden to the heart. IMRT may 
be useful (Fig.  17.8 ) – especially in younger 
women, the benefi t has to be balanced against 
higher exposure to the contralateral breast. 

  Dose and Fractionation 
 Generally, 50–50.4 Gy in single fractions of 
1.8–2 Gy are recommended (Belkacémi et al. 
 2011 ; NCCN  2014 ; S3  2012 ; Sautter-Bihl et al. 
 2014 ). Hypofractionation is currently not rec-
ommended for patients who receive RNI as 
larger doses per fraction may increase the risk 
of long- term effects like cardiac toxicity or 
plexopathy (Andratschke et al.  2011 ; Galecki 
et al.  2006 ).        

  Fig. 17.6    Digital reconstruction of planning CT with 
depicted lymph node areas:  ALN I–III  axillary lymph 
nodes, levels I–III;  SC  supraclavicular nodes;  IMN  inter-
nal mammary nodes;  PTV  planning target volume 
(Courtesy Christoph Fussl)       
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  Fig. 17.7    ( a–f ) Axillary nodes:  pink  level I,  blue  level II, 
and  green  level III.  Red : target volume for whole breast 
irradiation. Partial inclusion of level I and a small part of 

level III by the target volume for whole breast irradiation 
(Courtesy Christoph Fussl)         

a

c

b

d
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        Erratum to: 
 Chapter 15 in: A.-L. Grosu, C. Nieder (eds.), Target Volume Defi nition in Radiation Oncology, 
DOI 10.1007/978-3-662-45934-8_15 

 The captions of Figures 15.4 and 15.5 were incorrect in Chapter 15. The correct captions are given 
below: 

 Fig. 15.4 Contouring of the upper external and internal iliac lymph node target. ( a ) At the level just below the bifurca-
tion of the common iliac arteries and veins, the right and left external and internal iliac arteries, veins and lymph nodes 
are seen medial to the psoas muscles. ( b ) Vessels and lymph nodes are contoured for reference ( aqua ). The CTV ( green ) 
adds a 0.7 cm margin to vessels and adjacent lymphatic tissue, excluding small bowel and psoas. ( c ) For the lymph node 
PTV ( red ) adds an additional margin of 0.7. In addition a 2 cm strip of tissue anterior to the sacrum ( arrow ) is added to 
include the presacrallymph nodes 

 Fig. 15.5 Contouring of the mid external and internal iliac lymph node target. ( a ) Below the level in Fig. 4 external 
iliac vessles and nodes are seen anteriorly, internal iliac posteriorly and con. ( b ) Vessels and lymph nodes and lymph 
node CTV ( green ) are contoured as in Figs. 3–4. ( c ) For the lymph node PTV ( red ) adds an additional margin of 0.7. 
and a 2 cm strip of tissue anterior to the sacrum as in Fig. 4  

        Erratum to: Chapter 15 
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The online version of the original chapter can be found under
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