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Severe	
  (grade	
  3	
  or	
  higher)	
  adverse	
  effects	
  were	
  more	
  frequent	
  aNer	
  combined	
  therapy	
  (41	
  
percent)	
  than	
  aNer	
  radiotherapy	
  (	
  P=0.001);	
  
	
  
The	
  incidence	
  of	
  acute	
  adverse	
  effects	
  of	
  grade	
  3	
  or	
  greater	
  was	
  34%	
  	
  
In	
  the	
  radiotherapy	
  group	
  and	
  77%	
  in	
  the	
  combined-­‐therapy	
  group(P<0.001)	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  Bernier;	
  Cooper	
  2004	
  

	
  
Retrospec7ve	
  study	
  	
  	
   	
  7.8%-­‐9%	
  

	
   	
   	
   	
   	
   	
   	
  Argiris	
  2004;Mell	
  2010	
  

	
  
Randomized	
  trials	
  	
   	
   	
  2-­‐10%	
  

	
   	
   	
  Calais	
  1999,	
  Brizel1998;	
  Foras:ere	
  2003;	
  Bonner2006;;Bourhis	
  2012;	
  Rischin	
  2010	
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  Accelerated	
  radiotherapy	
  caused	
  a	
  significant	
  (p	
  <	
  0.05)	
  increase	
  in	
  the	
  peak	
  incidence	
  of:	
  
use	
  of	
  analgesics	
  (53%	
  vs.	
  65%),	
  dysphagia	
  (35%	
  vs.	
  45%),	
  mucosal	
  oedema	
  (52%	
  vs.	
  59%),	
  
and	
  mucosi7s	
  (33%	
  vs.	
  53%).	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  Mortensen	
  2012	
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Pa7ents	
  with	
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  or	
  severe	
  ulcera7ve	
  mucosi7s	
  had	
  15.8%	
  and	
  46.8%	
  incidences	
  of	
  radia7on	
  
treatment	
  breaks,	
  respec7vely.	
  	
  

Russo,	
  2008;TroC,	
  2003;.	
  

An	
  unplanned	
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  of	
  only	
  1	
  day	
  resulted	
  in	
  a	
  0.68%	
  lower	
  2-­‐year	
  control	
  and	
  therefore	
  
several	
  days	
  of	
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  resulted	
  in	
  significantly	
  shorter	
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  survival	
  and	
  relapse-­‐free	
  
survival	
  

Schmidt-­‐Ullrich	
  1999;Robertson,	
  1998;Suwinski	
  R,	
  2003;Rosenthal,	
  2007	
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Using a Bayesian analytical approach, we devel-
oped graphs that defined strong and weak toxicity
associations based on probability tests of association
(Fig. 1). A strong link implies that the association
between 2 different toxicities was at least 7 times
more probable than the possibility for those toxicities
to be unrelated, or the possibility of either to be rep-
resented as independent. In the same way, a weak
link was defined if the probability of association
between 2 toxicities was between 3 and 7 times
higher than the probability that they are not asso-
ciated. In the network in Figure 1 associations with a
Bayes factor > 3 but <7 are colored in blue, whereas
associations with a Bayes factor > 7 are colored in
red. The matrix in Figure 2 labels in red the associa-
tions with a Bayes factor > 7, with blue the associa-
tions between 3 and 7, with green the associations
with a Bayes factor between 1 and 3, and in white
the lack of association.

Using this technique, we defined 6 principal toxi-
cities as major nodes or hubs because they had at
least 5 strong connections with other toxicities: fever,

dehydration, fatigue, anorexia, pain, and weight loss.
Each major node was connected to at least 2 other
major nodes, with the exception of pain, which was
connected with fatigue only. In agreement with other
work,18,19 we found a strong association between fa-
tigue and pain.

We also found consecutive associations between
toxicities. Two groupings clustered around gastroin-
testinal symptoms: a first cluster consisted of fatigue,
anorexia, dehydration, nausea, and vomiting; a sec-
ond linked anorexia and dehydration with taste
alteration, mucositis, and dry mouth. A dermatologic
grouping was defined by connections between dry
skin, skin pigmentation/hand-foot syndrome reaction
(HFS), rash, and itching, which was also connected to
wound complication toxicity. Finally, we noticed
strong connections between pulmonary symptoms
such as cough, dyspnea, and infection. Chills, weight
loss, and weakness were all connected with fever.

DISCUSSION
The basis for, and definition of, toxicity clustering
remains to be elucidated despite the applications of
several analytic approaches. In nononcology settings,
when symptoms have been grouped, it has often
been done intuitively rather then empirically. Physi-
cal symptoms are commonly dissociated from cogni-
tive and affective symptoms. Previous studies have
suggested that !3 symptoms, occurring at the same
time, might be considered a cluster,12,20,21 and sev-
eral studies demonstrated correlations (tight, close,
or frail) between clusters.22,23 There has been grow-
ing awareness that common biologic mechanisms
may underlie or contribute to simultaneously
reported symptoms24 and there is clinical evidence
that symptoms grouped in a cluster may share a
common biologic mechanism.25

However, although symptom clusters have been
useful in creating diagnostic criteria for many non-
malignant diseases, the process that leads to symp-
tom cluster definitions in oncology is much more
complicated. In fact, the symptoms reported could
be related to the cancer, to the treatment, to a con-
comitant illness, or to a combination of these factors.
It is also possible that a symptom causes a cascade
of other symptoms or that an interaction between
key symptoms exists. These relations could lead to
an increasing number of functional disturbances,26

both in the patients receiving chemotherapy treat-
ment and in terminally ill patients.27

Consequently, we reasoned that a comparison of
various treatment-related toxicities at a more interac-
tive level was highly desirable. Effectively, toxicities

FIGURE 1. Network developed by a Bayesian analytical approach showing
associations between cycle 1 toxicities. Strong links, implying an association

between 2 different toxicities that was at least 7 times more probable than

the possibility that those toxicities were unrelated, are represented as red

lines. Weaker links, defined as the probability of an association between 2

toxicities is 3 to 7 times higher than the probability of their not being asso-

ciated, is represented by a blue line, and association links of <3 are seen

as green lines.
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Application of Distance Matrices to Define
Associations Between Acute Toxicities in Colorectal
Cancer Patients Receiving Chemotherapy
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BACKGROUND. Colorectal cancer patients undergoing chemotherapy (CT) are

likely to experience multiple concurrent toxicities that, rather than appearing sin-

gularly, may be associated with one another. Graphic and tabular representations

of distance matrices were used to identify associations between toxicities and to

define the strengths of these relations.

METHODS. Using a standardized data collection tool, electronic medical charts of

300 consecutive patients receiving either the combination of leucovorin, 5-fluor-

ouracil (5-FU), and oxaliplatin (FOLFOX); the combination of leucovorin, 5-FU,

and irinotecan (FOLFIRI); or 5-FU) were retrospectively reviewed to record base-

line demographic and clinical information. Treatment-related toxicities were

recorded using National Cancer Institute Common Toxicity Criteria during the

first cycle of CT. Using a distance matrix approach, an analysis of CT-induced

toxicity associations was elaborated.

RESULTS. The graphic analysis, in which associations between toxicities were rep-

resented as links, identified 6 major hubs (fever, dehydration, fatigue, anorexia,

pain, and weight loss), defined as central nodes with more connections than

expected by chance. These were highly linked with minor nodes and provided

evidence suggesting the existence of symptom clusters associated with CT-

induced toxicities.

CONCLUSIONS. The application of distance matrix analyses to define CT-induced

toxicity associations is new. The technique was effective in defining the global

landscape of the binary relations among toxicities associated with Cycle 1 therapy.

The coherent clinical picture emerging from the network provides a strong sugges-

tion that the toxicities in each cluster share a common pathobiologic basis, which

may provide an opportunity for intervention. These findings could become useful

for the early prediction of co-occurring toxicities and, in the future, as a phenotyp-

ing framework for the pharmacogenomic analysis of individual responses to

chemotherapy. Cancer 2008;112:284–92. ! 2007 American Cancer Society.

KEYWORDS: toxicity, chemotherapy, colorectal cancer, distance matrix.

T reatment-related toxicities are common among patients being
treated with cancer chemotherapy. Not only do toxicities create

pain and distress, they also adversely impact quality of life and
patient tolerance of cancer treatment.1,2 Many contribute either
directly or indirectly to increased morbidity or mortality. Further-
more, they are significant drivers of healthcare costs by increasing
the need for supportive care.3,4 Despite an awareness that toxicities
rarely occur independent of each other, the majority of research in
supportive cancer care has focused only on individual symptoms,
such as fatigue,5 mucositis,6 anxiety or alopecia,7 nausea/vomiting,8
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1998:	
  direct	
  damage	
  to	
  basal	
  
clonogenic	
  cells	
  (Lockhart,	
  1981)	
  

CHEMOTHERAPY 

RADIATION 
IV III II I 

1Adapted from Sonis ST, et al. Cancer. 2004;100(suppl 10):1995-2025. 
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EFFETTO	
  BYSTANDER	
  

Fig. 3.
A model of the signaling pathways regulating radiation-induced bystander effects through
expression and secretion of soluble biologically active factors. ͣ-particle irradiation caused
DNA damage, which induces ATM activation in normal and cancer cells. ATM further
activates the NF-ͬB pathway, which targets gene expression of numerous cytokines and
COX2. Cytokines initiate specific signaling pathways in directly irradiated and bystander
cells resulting in the secondary activation of IKK-NF-ͬB, JAK2-STAT3 and the MAPK
pathways with the subsequent induction of cytokine, COX2 and inducible Nitric Oxide
Synthase (iNOS) gene expression. COX-2-produced PGE2 is involved in regulation of
reactive oxygen species (ROS) production, iNOS controls synthesis of NO. Effects of ROS
and Nitric oxide (NO) in the mitochondrial damage and bystander response were previously
described [36]. On the other hand, NF-ͬB regulates expression of numerous genes
controlling a general cell survival and anti-apoptotic activity. Exogenous IGF-1 via ligation
of IGF-1R activates the PI3K-AKT pathway that using suppression of GSK3ͤ stabilizes ͤ-
catenin protein levels; LEF1--ͤ-catenin heterodimer goes to the nucleus and further controls
gene expression. Furthermore, AKT controls numerous general metabolic, survival and anti-
apoptotic functions in the cell. IGFBP-3 stabilizes the exogenous IGF-1 and extends its
action time further activating the basal PI3K-AKT pathway. An additional level of cell-cell
communications is a usage of gap junctions that could transmit signaling molecules, such as
NO.
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Head and neck chemoradiotherapy

Anatomical changes in the pharyngeal constrictors after chemo-irradiation
of head and neck cancer and their dose–effect relationships: MRI-based studyq
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a b s t r a c t

Purpose: Dysfunction of pharyngeal constrictors (PCs) after chemo-irradiation of head and neck (HN)
cancer has been proposed as major cause of dysphagia. We conducted prospective MRI study to evaluate
anatomical changes in the PCs after chemo-irradiation, to gain insight of the mechanism of their dysfunc-
tion and their dose–effect relationships. The PCs were compared to the sternocleidomastoid muscles
(SCMs), which receive high doses but do not relate to swallowing.
Patients and methods: Twelve patients with stage III–IV HN cancer underwent MRI before and 3 months
after completing chemo-irradiation. T1- and T2-weighted signals and muscle thickness were evaluated
for PCs (superior, middle, and inferior), and SCMs. Mean muscle doses were determined after registration
with the planning CT.
Results: T1-weighted signals decreased in both PCs and SCMs receiving >50 Gy (p < 0.03), but not in mus-
cles receiving lower doses. T2-weighted signals in the PCs increased significantly as the dose increased
(R2 = 0.34, p = 0.01). The T2 signal changes in the PCs were significantly higher than the T2 changes in
the SCMs (p < 0.001). Increased thickness was noted in all PCs, with muscles receiving >50 Gy gaining sig-
nificantly more thickness than PCs receiving lesser doses (p = 0.02). In contrast, the SCM thickness
decreased post-therapy (p = 0.002).
Conclusions: These MRI-based findings, notably the differences between PCs and SCMs, suggest that
underlying causes of PC dysfunction are inflammation and edema, likely consequential to acute mucositis
affecting the submucosa-lying PCs. These results support reducing mean PC doses to 650 Gy, as well as
reducing acute mucositis, to improve long-term dysphagia.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 510–515

Intensified chemo-irradiation (RT) regimens for head and neck
have led to improved tumor control rates at the expense of high
rates of dysphagia and aspirations, which have emerged as major
sequelae of treatment intensification [1]. Recent studies have sug-
gested that these sequelae are, at least in part, due to damage and
dysfunction of specific swallowing structures including the glottic
and supraglottic larynx (GSL), and the pharyngeal constrictors
(PCs). These structures were found to change anatomically after
chemo-RT, and their malfunction explained the post-therapy
abnormalities observed in objective assessments of swallowing
[2]. We and others have recently reported significant correlations
between the radiation doses delivered to the PCs or GSL and clini-
cal measures of swallowing dysfunction, including videofluoros-
copy and observer-based, or patient-reported, dysphagia [3–9].

However, what is the nature of the anatomical damage of the swal-
lowing structures, its pathophysiology, whether and how it differs
from the effect of chemo-RT on other muscles in the head and neck,
and whether there are dose–effect relationships for these anatom-
ical changes have not yet been explored. These are the subjects of
the current study.

MRI is often used as an imaging tool for assessment of muscle
pathology. It can demonstrate muscle inflammation, edema, myo-
sitis, fibrosis, and denervation atrophy, by discriminating between
mesenchymal alterations of muscle fat and edema, and by defining
less common processes such as calcification and hemorrhage [10–
12]. An assessment of the MRI-based changes in the swallowing
structures due to chemo-RT can help understand the pathophysiol-
ogy of their malfunction, which may help devise effective mea-
sures to ameliorate it.

In this pilot prospective study, we sought to determine
whether there are unique MRI-detected changes occurring in
the PCs from pre-therapy to 3 months after the completion of
therapy, and whether these changes may correlate with the radi-
ation doses delivered to these muscles. We also compared these
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doi:10.1016/j.radonc.2009.05.013
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Purpose: Dysfunction of pharyngeal constrictors (PCs) after chemo-irradiation of head and neck (HN)
cancer has been proposed as major cause of dysphagia. We conducted prospective MRI study to evaluate
anatomical changes in the PCs after chemo-irradiation, to gain insight of the mechanism of their dysfunc-
tion and their dose–effect relationships. The PCs were compared to the sternocleidomastoid muscles
(SCMs), which receive high doses but do not relate to swallowing.
Patients and methods: Twelve patients with stage III–IV HN cancer underwent MRI before and 3 months
after completing chemo-irradiation. T1- and T2-weighted signals and muscle thickness were evaluated
for PCs (superior, middle, and inferior), and SCMs. Mean muscle doses were determined after registration
with the planning CT.
Results: T1-weighted signals decreased in both PCs and SCMs receiving >50 Gy (p < 0.03), but not in mus-
cles receiving lower doses. T2-weighted signals in the PCs increased significantly as the dose increased
(R2 = 0.34, p = 0.01). The T2 signal changes in the PCs were significantly higher than the T2 changes in
the SCMs (p < 0.001). Increased thickness was noted in all PCs, with muscles receiving >50 Gy gaining sig-
nificantly more thickness than PCs receiving lesser doses (p = 0.02). In contrast, the SCM thickness
decreased post-therapy (p = 0.002).
Conclusions: These MRI-based findings, notably the differences between PCs and SCMs, suggest that
underlying causes of PC dysfunction are inflammation and edema, likely consequential to acute mucositis
affecting the submucosa-lying PCs. These results support reducing mean PC doses to 650 Gy, as well as
reducing acute mucositis, to improve long-term dysphagia.
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Intensified chemo-irradiation (RT) regimens for head and neck
have led to improved tumor control rates at the expense of high
rates of dysphagia and aspirations, which have emerged as major
sequelae of treatment intensification [1]. Recent studies have sug-
gested that these sequelae are, at least in part, due to damage and
dysfunction of specific swallowing structures including the glottic
and supraglottic larynx (GSL), and the pharyngeal constrictors
(PCs). These structures were found to change anatomically after
chemo-RT, and their malfunction explained the post-therapy
abnormalities observed in objective assessments of swallowing
[2]. We and others have recently reported significant correlations
between the radiation doses delivered to the PCs or GSL and clini-
cal measures of swallowing dysfunction, including videofluoros-
copy and observer-based, or patient-reported, dysphagia [3–9].

However, what is the nature of the anatomical damage of the swal-
lowing structures, its pathophysiology, whether and how it differs
from the effect of chemo-RT on other muscles in the head and neck,
and whether there are dose–effect relationships for these anatom-
ical changes have not yet been explored. These are the subjects of
the current study.

MRI is often used as an imaging tool for assessment of muscle
pathology. It can demonstrate muscle inflammation, edema, myo-
sitis, fibrosis, and denervation atrophy, by discriminating between
mesenchymal alterations of muscle fat and edema, and by defining
less common processes such as calcification and hemorrhage [10–
12]. An assessment of the MRI-based changes in the swallowing
structures due to chemo-RT can help understand the pathophysiol-
ogy of their malfunction, which may help devise effective mea-
sures to ameliorate it.

In this pilot prospective study, we sought to determine
whether there are unique MRI-detected changes occurring in
the PCs from pre-therapy to 3 months after the completion of
therapy, and whether these changes may correlate with the radi-
ation doses delivered to these muscles. We also compared these

0167-8140/$ - see front matter ! 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.radonc.2009.05.013

q Supported by NIH Grant PO1 CA59827. Presented in part at the 50th Annual
Meeting of ASTRO, Boston, MA, September 21–25, 2008.
* Corresponding author. Address: Department of Radiation Oncology, Hospital of

the University of Michigan, 1500 E Med Ctr Dr., Ann Arbor, MI 48109, USA.
E-mail address: eisbruch@umich.edu (A. Eisbruch).

Radiotherapy and Oncology 93 (2009) 510–515

Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal .com

the SCMs, with changes in signal confined to ±0.2 in muscles
receiving <50 Gy, and markedly reduced intensities in some of
the muscles receiving P50 Gy (Fig. 1B). Similar to the PCs, there
were no significant changes in post-RT T1W signal intensities com-
pared to pre-RT in the SCMs which had received <50 Gy (p = 0.5),
compared with a significant decrease in intensity in the SCMs
which had received >50 Gy (p = 0.003) (Table 1).

The T2W signal intensities before and after therapy in the PCs
and SCMs are demonstrated in Fig. 2 and detailed in Table 2. A sig-
nificant increase in signal intensity throughout the dose range was
noted for the PCs (p = 0.001). The increase was linearly correlated
with the dose (R2 = 0.34, p = 0.01) (Fig. 3A). In the SCMs, a modest
increase in T2 signal intensity was noted for most muscles after
therapy. This modest increase was not correlated with the mean
muscle doses (Fig. 3B). The increase in T2 signal intensity post-
therapy in the PCs was on average more than double the increase
in the T2 signal in the SCMs (p < 0.001) (Table 2). The differences
between the PCs and SCMs in the effects of therapy on the T2 signal

intensities were even higher in muscles receiving high doses: The
T2 signal in PCs receiving >50 Gy increased after therapy by an
average of 200%, compared with an average increase of T2 signal
of 50% in SCMs receiving >50 Gy (Table 2).

Changes from pre- to post-therapy in PC thickness are demon-
strated in Fig. 2 and detailed in Table 3 and Fig. 4A. There was a sig-
nificant increase in thickness of almost all PCs (p = 0.001). The
increase in thickness was confined to 6100% in muscles receiving
<50 Gy, and increased even further in muscles receiving >50 Gy,
where an increase of >100% was noted in the thickness of half
the number of muscles (Fig. 4A). The difference in the increase in
thickness between PCs receiving <50 Gy (average increase 66%)
and PCs receiving >50 Gy (average increase 118%) was significant
(p = 0.02).

The changes in the thickness of the SCMs from pre-therapy to
post-therapy are detailed in Table 3 and Fig. 4B. In contrast to
the PCs, which thickened after therapy, there was a significant
reduction in the thickness of the SCMs (p = 0.002). This decrease
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Fig. 1. Differences in the T1-weighted signals from pre- to 3 months post-therapy vs. mean doses to the muscles. (A) Pharyngeal constrictors (PCs) and (B)
sternocleidomastoid muscles (SCMs).

Fig. 2. An MRI cut of a T2-weighted image. (A) Pre-RT and (B) 3 months post-RT. Note the increase in the width and signal of the pharyngeal constrictor (PC) compared to the
mild differences in T2 signal and slightly reduced widths of the ipsilateral sternocleidomastoid (SCM) and pterygoid (arrowhead) muscles, which received high doses.
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a b s t r a c t

Purpose: Dysfunction of pharyngeal constrictors (PCs) after chemo-irradiation of head and neck (HN)
cancer has been proposed as major cause of dysphagia. We conducted prospective MRI study to evaluate
anatomical changes in the PCs after chemo-irradiation, to gain insight of the mechanism of their dysfunc-
tion and their dose–effect relationships. The PCs were compared to the sternocleidomastoid muscles
(SCMs), which receive high doses but do not relate to swallowing.
Patients and methods: Twelve patients with stage III–IV HN cancer underwent MRI before and 3 months
after completing chemo-irradiation. T1- and T2-weighted signals and muscle thickness were evaluated
for PCs (superior, middle, and inferior), and SCMs. Mean muscle doses were determined after registration
with the planning CT.
Results: T1-weighted signals decreased in both PCs and SCMs receiving >50 Gy (p < 0.03), but not in mus-
cles receiving lower doses. T2-weighted signals in the PCs increased significantly as the dose increased
(R2 = 0.34, p = 0.01). The T2 signal changes in the PCs were significantly higher than the T2 changes in
the SCMs (p < 0.001). Increased thickness was noted in all PCs, with muscles receiving >50 Gy gaining sig-
nificantly more thickness than PCs receiving lesser doses (p = 0.02). In contrast, the SCM thickness
decreased post-therapy (p = 0.002).
Conclusions: These MRI-based findings, notably the differences between PCs and SCMs, suggest that
underlying causes of PC dysfunction are inflammation and edema, likely consequential to acute mucositis
affecting the submucosa-lying PCs. These results support reducing mean PC doses to 650 Gy, as well as
reducing acute mucositis, to improve long-term dysphagia.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 510–515

Intensified chemo-irradiation (RT) regimens for head and neck
have led to improved tumor control rates at the expense of high
rates of dysphagia and aspirations, which have emerged as major
sequelae of treatment intensification [1]. Recent studies have sug-
gested that these sequelae are, at least in part, due to damage and
dysfunction of specific swallowing structures including the glottic
and supraglottic larynx (GSL), and the pharyngeal constrictors
(PCs). These structures were found to change anatomically after
chemo-RT, and their malfunction explained the post-therapy
abnormalities observed in objective assessments of swallowing
[2]. We and others have recently reported significant correlations
between the radiation doses delivered to the PCs or GSL and clini-
cal measures of swallowing dysfunction, including videofluoros-
copy and observer-based, or patient-reported, dysphagia [3–9].

However, what is the nature of the anatomical damage of the swal-
lowing structures, its pathophysiology, whether and how it differs
from the effect of chemo-RT on other muscles in the head and neck,
and whether there are dose–effect relationships for these anatom-
ical changes have not yet been explored. These are the subjects of
the current study.

MRI is often used as an imaging tool for assessment of muscle
pathology. It can demonstrate muscle inflammation, edema, myo-
sitis, fibrosis, and denervation atrophy, by discriminating between
mesenchymal alterations of muscle fat and edema, and by defining
less common processes such as calcification and hemorrhage [10–
12]. An assessment of the MRI-based changes in the swallowing
structures due to chemo-RT can help understand the pathophysiol-
ogy of their malfunction, which may help devise effective mea-
sures to ameliorate it.

In this pilot prospective study, we sought to determine
whether there are unique MRI-detected changes occurring in
the PCs from pre-therapy to 3 months after the completion of
therapy, and whether these changes may correlate with the radi-
ation doses delivered to these muscles. We also compared these
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Introduction

Sepsis is a clinical condition that was

originally assumed to be a systemic

response to bacterial infection, but it is

now clear that other infectious agents

(e.g. viral, fungal and parasitic organ-

isms) can also trigger sepsis. Sepsis can

develop secondary to release of var-

ious bacterial components [e.g. lipo-

polysaccharide (LPS) from Gram negative bacteria, lipoteichoic

acid from Gram positive bacteria] that interact with toll-like

receptors (TLRs) to trigger inflammatory responses. More

recently, it has been discovered in cases of ‘sterile infection’

that a sepsis-like condition can also develop (Chen & Nunez,

2010). Examples of ‘sterile infection’ resulting in sepsis-like

responses include severe non-penetrating polytrauma (such as

multiple bone fractures and soft tissue injury), ischemia-

perfusion injury and haemorrhagic shock. In such cases, the

TLR system is also activated. In bacterial sepsis, the agonists for

TLRs are referred to as pathogen-associated molecular patterns

(PAMPs; Bianchi, 2007; Zipfel & Robatzek, 2010; Fig 1). PAMPs

are exogenous signals usually derived from infectious agents

and are interactive with pattern recognition receptors (PRRs)

including TLRs (present on cell surfaces and intracellularly) and

NOD receptors (present in the cytosol) involving numerous cell

types. Products released in ‘sterile sepsis’ are referred to as

danger-associated molecular patterns (DAMPs) that can trigger

inflammatory responses often via interactionwith TLRs. DAMPs

include endogenous danger signals such as DNA, histones, heat

shock proteins, hyaluronins and heparin sulphate released from

damaged or necrotic cells and other products (Fig 1). A subset of

DAMPs are the ‘alarmins’ that were recently described (Bianchi,

2007; Oppenheim et al, 2007; Yang et al, 2009) and include cell

constituents such as granulolysins, defensins, lactoferrin,

cathepsin G, HMGB1, urate crystals, ATP, etc. Some DAMPs

are enzymes (e.g. ATPases). Other DAMPs, such as HMGB1, are

peptides reactive with TLRs and other receptors. When DAMPs

appear extracellularly, they react with cell surface receptors or

with other proteins or substrates (e.g. ATPases) to trigger

inflammatory responses. Intracellular TLRs (3,7,9) react with

double or single stranded RNA. DAMPs have also been shown to

play roles in inflammatory responses following ischemia/

reperfusion injury in the heart, kidneys, liver and lungs (Pardo

et al, 2008). Collectively, sufficient amounts of DAMPs can

trigger a sepsis-like response resulting in a ‘cytokine storm’

[defined as presence of proinflammatory cytokines/chemokines

in plasma and also referred to as the systemic inflammatory

response syndrome (SIRS)].

In spite of a great deal of investment of time and money in

basic and clinical research in sepsis, including more than 40

clinical trials in septic humans, it is disconcerting that there is no

FDA-approved drug for use in sepsis. Recently, Xygris

(recombinant activated protein C) and Eritoran (an inhibitor

of TLR4) were withdrawn because of lack of clinical efficacy in

sepsis (Angus, 2011). This has caused great consternation in the

investigative community and has resulted in large pharmaceu-

tical companies being very risk-adverse for investing in drug

development and clinical trials in sepsis. It is not entirely clear
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are likely to appear, accumulate, peak, and remain or
dissipate at predictable timepoints throughout the
treatment cycle. For this reason, we recorded all toxi-
cities reported by nurses and/or physicians during
the entire cycle. We focused our analysis on the first
treatment cycle to eliminate confounders such as
palliative or therapeutic interventions that might be
introduced in subsequent cycles.

We found a high frequency of reported toxicities.
Fatigue and diarrhea were the most common. Inter-
estingly, we did not find any correlations between
the patients’ demographic factors or comorbidities
and toxicity development. This may be related to the
relatively small number of cases analyzed, because
other studies report that sex and comorbidities may
affect toxicity patterns.28 As expected, we found a
strong correlation between the specific type of toxic-
ity and the chemotherapy regimen given. For exam-
ple, neurologic symptoms were correlated with
exposure to oxaliplatin, whereas the development of
cutaneous rash or dermatitis was observed in
patients receiving an EGFR-inhibitor. Some of the
clusters have been previously suggested,23 such as a
gastrointestinal and a pulmonary association of
symptoms.

Description of symptom clusters in cancer
patients is not new. Conventional studies used a
Pearson correlation coefficient or standard hierarchi-

cal analysis with a squared Euclidean method to es-
tablish the strength of correlations between different
symptoms, or to calculate distances between symp-
tom items.22 The application of a hierarchical analy-
sis describes the correlation of a specific symptom
with another toxicity. A problem with this approach
is that hierarchical clustering clusters toxicities into
a single structure so that each toxicity can be
assigned to 1 cluster only. In contrast, the graphical
approach adopted in this study allows a toxicity to
be shared by several clusters and, in so doing, iden-
tifies toxicities that play a central role in connecting
different clusters. In network theory, these highly
connected nodes in the network are termed hubs
and represent a point of contact between alternative
clusters, which would not be identifiable by hier-
archical analysis.

Herein, we propose a new method to report
those correlations, utilizing weak and strong linkages
in a Bayesian analytical approach, which offers some
specific advantages, as it defines symptom clustering
in a dynamic, multidimensional, and comprehensive
way that reflects the clinical situation. Rather than
analyze only the closest symptom to a specific toxic-
ity, Bayesian methodology depicts multiple associa-
tions and relations among toxicities by the
application of distance matrices. Effectively, the use
of the Bayesian methodology provides the opportu-

FIGURE 2. Matrix demonstrating toxicity associations. The matrix is read in a manner similar to a distance matrix found in street atlases. Associations in
which the Bayes factor is >7 are labeled in red. Blue indicates associations between 3 and 7, and green depicts associations with a Bayes factor between 1

and 3. Those areas in white indicate a lack of any association.
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  needs	
  



mucositis 

dysphagia 

dermatitis 

xerostomia 
anemia 

fever 

SIRS 

neutropenia 

depression insomnia 

pain	
  

Evidence	
  literature-­‐based	
  

cachexia	
  



	
  Assessment	
  scales	
  	
  
	
  
Na7onal	
  Cancer	
  Ins7tute	
  (NCI)-­‐Common	
  Toxicity	
  Criteria	
  (CTC	
  version	
  4.0)	
  	
  
Toxicity	
  criteria	
  of	
  the	
  Radia7on	
  Therapy	
  Oncology	
  Group	
  (RTOG)	
  
	
  European	
  Organiza7on	
  for	
  Research	
  and	
  Treatment	
  of	
  Cancer	
  (EORTC),	
  World	
  Health	
  
Organiza7on	
  (WHO)	
  
	
  Oral	
  Mucosi7s	
  Assessment	
  Scale	
  (OMAS),	
  M.	
  D.	
  Anderson	
  symptom	
  inventory,	
  head	
  
and	
  neck	
  module	
  
OMQD	
  scale.	
  

	
  adverse	
  events	
  reported	
  by	
  physicians	
  are	
  less	
  accurate	
  
	
  than	
  those	
  reported	
  by	
  pa7ents	
  (pa7ent-­‐reported	
  outcome	
  (PRO))	
  	
  

No	
  superiority	
  of	
  one	
  scale	
  over	
  another	
  	
  

need	
  to	
  assess	
  mucosi,s	
  with	
  both	
  modali,es.	
  	
  



For	
  the	
  Mucosi7s	
  Study	
  Group	
  of	
  the	
  Mul7na7onal	
  Associa7on	
  of	
  Suppor7ve	
  
Care	
  in	
  Cancer/Interna7onal	
  Society	
  of	
  Oral	
  Oncology	
  
	
  (MASCC/ISOO)	
  	
  	
  2013	
  



Magical	
  mouthwhashes,	
  barrier	
  agents,	
  aloe	
  vera,	
  glutamine,	
  pure	
  natural	
  honey,	
  topical	
  
misoprostol	
  	
  	
  

No	
  u,lity	
  for	
  the	
  preven,on	
  of	
  mucosi,s	
  

Nicolatou-­‐Gali6s,	
  MASSC	
  2013	
  

Prostaglandine,topical	
  	
  misoprostol,	
  Diphenhydramine,,	
  Indomethacin	
  PO	
  Betamethasone	
  
rinse,	
  Prednisone	
  tablets	
  given	
  orally,	
  Mesalazine	
  topical	
  gel,	
  Flurbiprofen	
  tooth	
  patch,	
  
Colchicine	
  mouthwash,	
  	
  

No	
  u,lity	
  for	
  the	
  preven,on	
  of	
  mucosi,s	
  

New	
  guideline:	
  The	
  panel	
  recommends	
  benzydamine	
  mouthwash	
  for	
  the	
  
preven7on	
  of	
  oral	
  mucosi7s	
  in	
  pa7ents	
  with	
  head	
  and	
  neck	
  cancer	
  
receiving	
  moderate-­‐	
  dose	
  radia7on	
  therapy	
  (up	
  to	
  50	
  Gy),	
  without	
  
concomitant	
  chemotherapy.	
  



	
  
No	
  data	
  about	
  their	
  u7lity	
  in	
  mucosi7s	
  
prophilac7c	
  intent	
  in	
  absence	
  of	
  neutropenia	
  
	
  
Only	
  in	
  case	
  of	
  overt	
  infec7on	
  

Systemic	
  an7bio7cs	
  or	
  an7viral	
  agents	
  
	
  



MASCC	
  2007	
  

Basic	
  oral	
  care	
  

dental	
  examina7on	
  and	
  any	
  required	
  treatment	
  (including	
  	
  
extrac7on	
  of	
  diseased	
  teeth)	
  before	
  they	
  start	
  
radiotherapy	
  

	
  mouthwashes	
  
	
   	
  Benzidamine	
  
	
   	
  Clorexidine	
  
	
   	
  Na	
  bicarbonate	
  
	
   	
   	
   	
   	
  No	
  alcohol,	
  no	
  perfume	
  

	
  
	
  with	
  and	
  aNer	
  normal	
  daily	
  toothbrushing	
  with	
  a	
  soN	
  brush;	
  	
  
	
  



IMRT	
  

Sanguine:,	
  2006	
  

30	
  Gy	
  maximum	
  dose	
  objec7ve	
  on	
  the	
  mucosa	
  
	
  
20%	
  and	
  12%	
  mean	
  absolute	
  reduc7on	
  in	
  %	
  of	
  mucosa	
  volume	
  
exposed	
  to	
  a	
  dose	
  equivalent	
  to	
  30	
  Gy	
  (p<0.01)	
  and	
  70	
  Gy	
  (p<0.01)	
  
30%	
  reduc7on	
  in	
  the	
  volume	
  of	
  the	
  mucosa	
  in	
  the	
  high	
  dose	
  region.	
  
	
  
No	
  detrimental	
  effect	
  on	
  the	
  coverage	
  of	
  other	
  regions	
  of	
  interest	
  

	
  	
  	
  
1)	
  “mucosal”	
  contouring	
  
2)“stress”	
  mucosal	
  avoidance	
  	
  
	
  weighted	
  against	
  the	
  poten7al	
  
	
  increase	
  of	
  dose	
  to	
  other	
  OARs.	
  	
  
	
  
	
  



mucositis 

dysphagia 

dermatitis 

xerostomia 
anemia 

fever 

SIRS 

neutropenia 

depression insomnia 

pain	
  

Evidence	
  literature-­‐based	
  

cachexia	
  



All	
  pa7ents	
  developed	
  pain	
  due	
  to	
  RT-­‐induced	
  mucosi7s	
  
Wong,	
  Journal	
  of	
  Pain	
  and	
  Symptom	
  Management,	
  2006	
  

	
  
Prevalence	
  
pre-­‐tx:	
  49.5%	
  	
  
during	
  tx:	
  80.8%;	
  
end	
  of	
  tx:	
  69.7%	
  
6	
  months	
  post-­‐tx:	
  36.2%	
  (0.08)	
  [14.2–58.2]	
  

Epstein,	
  Support	
  Care	
  Cancer	
  (2010)	
  	
  

pain	
  



MASCC	
  2007	
  



Pain	
  and	
  func7onal	
  impairment	
  because	
  of	
  mouth	
  and	
  	
  
throat	
  soreness	
  increased	
  during	
  the	
  course	
  of	
  therapy	
  despite	
  the	
  use	
  of	
  
opioid	
  analgesics	
  in	
  64	
  (85%)	
  of	
  the	
  pa7ents.	
  	
  

Murphy,	
  J	
  Pain	
  Symptom	
  Manage	
  2009;	
  

Maltoni	
  2005	
  
Stenstrom	
  2011

	
  	
  



Topical	
  morphine	
  is	
  effec7ve	
  for	
  relieving	
  pain	
  and	
  it’s	
  
more	
  effec7ve	
  than	
  topical	
  lidocaine	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  CerchieC	
  2002 	
  	
  

Transdermal	
  fentanyl	
  has	
  proven	
  to	
  be	
  effec7ve	
  
	
  	
  
	
   	
   	
   	
   	
   	
  Sloan	
  1998;	
  	
  Mystakidou	
  2002;	
  Menahem	
  2004	
  

Transmucosal	
  intranasal	
  route	
  administra7on	
  of	
  fentanyl	
  is	
  a	
  
ra7onale	
  approach	
  	
  to	
  odynophagia	
  treatment.	
  
	
  	
  

	
   	
   	
   	
   	
   	
   	
   	
  Grassin-­‐Delyle	
  2012;	
  Davies	
  A	
  2011 	
  	
  



Approximately	
  one	
  half	
  to	
  two	
  thirds	
  of	
  pa7ents	
  with	
  cancer-­‐
related	
  pain	
  experience	
  breakthrough	
  pain	
  (BTP)	
  in	
  their	
  daily	
  
ac7vi7es.	
  

the	
  individualized	
  pain	
  treatment	
  with	
  systemic	
  analgesics	
  
exploited	
  to	
  the	
  highest	
  degree	
  was	
  insufficient.	
  	
  

Ling,	
  Support	
  Care	
  Cancer	
  (2011)	
  

Bhatnagar,	
  J	
  Pall	
  Med,	
  2010	
  

comprehensive	
  and	
  detailed	
  clinical	
  guidelines	
  
concerning	
  pharmacological	
  treatment	
  of	
  OM-­‐	
  

induced	
  pain	
  including	
  pain	
  assessment,	
  
choice	
  of	
  drugs,	
  administra7on	
  routes,	
  
pharmaceu7cal	
  forms,	
  and	
  evalua7on	
  of	
  

effect	
  are	
  lacking.	
  	
  



mucositis 

dermatitis 

xerostomia 
anemia 

fever 

SIRS 

neutropenia 

depression insomnia 

pain	
  

Evidence	
  literature-­‐based	
  

dysphagia 

cachexia	
  



Pre	
  treatment	
  	
  4%-­‐40%	
  
During	
  treatment	
  all	
  pa7ents	
  
Post	
  treatment	
  25-­‐40%	
  

	
  

Dysphagia	
  is	
  one	
  of	
  the	
  most	
  important	
  cause	
  of	
  therapy	
  interrup7on	
  
	
  
Approximately,	
  one	
  third	
  of	
  dysphagic	
  pa7ents	
  develop	
  aspira7on	
  pneumonia	
  requiring	
  
treatment,	
  with	
  mortality	
  rates	
  ranging	
  between	
  20%	
  and	
  65%.	
  
	
  

	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  Russi	
  2012	
  

dysphagia 
Six	
  cranial	
  nerves	
  and	
  over	
  25	
  
muscles	
  are	
  involved,	
  and	
  any	
  neurological	
  or	
  structural	
  
defect	
  
affects	
  swallowing.	
  This	
  may	
  result	
  in	
  dysphagia	
  
(swallowing	
  
dysfunc7on),	
  a	
  symptom	
  indica7ng	
  a	
  delay	
  in	
  the	
  passage	
  
of	
  
solids	
  or	
  liquids	
  from	
  the	
  oral	
  cavity	
  to	
  the	
  stomach.	
  



Dysphagia	
  scales	
  

SWAL-­‐QOL	
  and	
  SWAL-­‐CARE	
  
	
  MD	
  Anderson	
  Dysphagia	
  Inventory	
  (MDADI	
  	
  
OMWQ-­‐HN	
  
EORTC	
  QLQ	
  C-­‐30	
  	
  (QLQ	
  H&N35)	
  	
  
FACT-­‐H&N)	
  
UW-­‐QOL-­‐R	
  	
  
HNCI	
  	
  

pa7ent-­‐	
  and	
  clinician-­‐rated	
  scales	
  	
  
	
  

HNQOL	
  
OMWQ-­‐HN	
  
VHNSS	
  
SSQ	
  	
  
CTCAE	
  	
  
EAT-­‐10	
  

RTOG/EORTC	
  	
  
	
  
	
  
	
  discrepancy	
  	
  

with	
  respect	
  to	
  the	
  correla7on	
  
	
  between	
  subjec7ve	
  and	
  objec7ve	
  swallowing	
  evalua7on	
  

	
  Combining	
  several	
  subjec7ve	
  and	
  objec7ve	
  evalua7on	
  techniques	
  
	
  providing	
  complimentary	
  informa7on	
  

	
  is	
  considered	
  useful.	
  	
  
.	
  
	
  



Dysphagia/swallowing	
  disfunc7ons	
  
	
  pre	
  treatment	
  assessment	
  

All	
  pa7ent	
  

Murphy’s	
  Triggers	
  symptoms	
  
	
  for	
  dysphagia	
  evalua7on.	
  
	
  
	
  
	
  
	
  
Inability	
  to	
  control	
  food	
  liquids	
  or	
  saliva	
  within	
  the	
  oral	
  cavity	
  
	
  Pocke6ng	
  of	
  food	
  in	
  cheek	
  
Excessive	
  chewing	
  
Drooling	
  	
  
Coughing	
  choking	
  or	
  throat	
  clearing	
  before	
  during	
  or	
  aVer	
  swallowing	
  
Abnormal	
  vocal	
  quality	
  aVer	
  swallowing;	
  ‘‘wet’’	
  or	
  ‘‘gurgly’’	
  voice	
  
	
  Build-­‐up	
  or	
  conges6on	
  aVer	
  a	
  meal	
  
Complaint	
  of	
  difficulty	
  swallowing	
  	
  
Complaint	
  of	
  food	
  ‘‘s6cking’’	
  in	
  throat	
  Nasal	
  regurgita6on	
  
Weight	
  loss	
  	
  
	
  

pathologic	
  swallowing:	
  amount	
  and	
  incidence	
  of	
  penetra7on	
  and	
  aspira7on	
   	
   	
   	
   	
   	
  	
  
increased	
  risk	
  of	
  aspira7on	
  pneumonia	
  or	
  airway	
  obstruc7on.	
  
	
  

Aspira7on	
  may	
  be	
  ‘‘silent’’	
  	
  
.	
  	
  
	
  

Asymptoma7c	
  pa7ent	
  

High-­‐risk	
  pa7ents	
  
Larinx,	
  hypopharynx	
  
Base	
  of	
  tongue	
  
Pharyngeal	
  wall	
  
Elderly	
  pa6enys	
  
Neck	
  dissec6on	
  (aVer	
  CRT)	
  
Advanced	
  T	
  stage	
  
	
  
Caudell	
  2009;	
  Machtay	
  2008	
  

Total	
  dysphagia	
  risk	
  score	
  
Advanced	
  T	
  
Bilateral	
  neck	
  irradia6on	
  
Weight	
  loss	
  
Primary	
  tumor	
  site	
  
Hyperfrac6ona6on	
  
Concurrent	
  CRT	
  
	
  
Langedjik	
  2009	
  



Russi,	
  	
  2012)	
  

Dysphagia/swallowing	
  disfunc7ons	
  
	
  assessment	
  

Low	
  sensibility	
  
Low	
  specificity	
  



Fiberop7c	
  endoscopic	
  evalua7on	
  (FEES)	
  
Videofluoroscopic	
  modified	
  barium	
  swallow	
  (VMBS)	
  

Russi	
  2012)	
  

Dysphagia/swallowing	
  disfunc7ons	
  
	
  assessment	
  

standardized	
  protocol	
  
	
  for	
  VMBS	
  	
  
	
  ‘Larynx	
  preserva7on	
  	
  
consensus	
  panel’’	
  	
  
	
  

”Swallowing	
  Performance	
  Status	
  Scale’’	
  (SPS):	
  
presence	
  and	
  severity	
  of	
  disphagia	
  and	
  aspira7on	
  risk	
  
	
  
‘‘8-­‐point	
  Penetra7on–Aspira7on	
  Scale’’	
  (8p-­‐PAS):	
  
	
  a	
  penetra7on-­‐aspira7on	
  score	
  >6	
  is	
  considered	
  sugges7ve	
  for	
  aspira7on.	
  	
  
	
  



a	
  recent	
  cost-­‐	
  effec7veness	
  analysis	
  suggests	
  that	
  preventa7ve	
  
swallowing	
  exercises	
  result	
  in	
  less	
  dependence	
  on	
  tube	
  feeding	
  
and	
  fewer	
  hospital	
  admission	
  days	
  than	
  usual	
  care	
  

Oral	
  Oncolgy	
  2013	
  

Exercises	
  directed	
  at	
  swallowing	
  and	
  trismus,	
  with	
  or	
  without	
  
addi7onal	
  therapies,	
  are	
  likely	
  to	
  improve	
  func7onal	
  outcomes	
  
in	
  pa7ents	
  with	
  head	
  and	
  neck	
  cancer,	
  par7cularly	
  if	
  they	
  are	
  	
  
introduced	
  before	
  treatment	
  starts	
  



Malnourished	
  pa7ents	
  
	
  

Before	
  RT	
  or	
  CRT	
  	
  	
  3-­‐52%	
  	
  
During	
  RT	
  and	
  CRT	
  	
  44-­‐88%.	
  

Paccagnella	
  2006	
  

NUTRITION	
  

Conclusions	
  Early	
  nutri7on	
  interven7on	
  in	
  pa7ents	
  with	
  HNC	
  receiving	
  chemoradiotherapy	
  
resulted	
  in	
  an	
  improved	
  treatment	
  tolerance	
  and	
  fewer	
  admissions	
  to	
  hospital.	
  This	
  result	
  
suggests	
  that	
  nutri7onal	
  interven7on	
  must	
  be	
  ini7ated	
  before	
  chemoradiotherapy,	
  and	
  it	
  
needs	
  to	
  be	
  con7nued	
  aNer	
  treatment	
  comple7on.	
  



Langius	
  2013	
  



NUTRITION	
  

Alshadwi,	
  2013	
  



Current	
  Opinion	
  in	
  Oncology	
  2011,	
  

Oral	
  Nutri7on	
  Supplements	
  

20%	
  protein	
  (1.2	
  –	
  2	
  g/kg/day)	
  
	
  20%	
  fats	
  	
  
	
  50	
  –	
  60%	
  carbohydrates.	
  	
  

	
  	
  	
  	
  	
  Arends,2006;Barak	
  2002	
  

Enteral	
  nutri7on	
  treatment	
   Parenteral	
  nutri7on	
  treatment	
  

Only	
  in	
  specific	
  situa7on	
  
Malnourished	
  pa7ents	
  
Severe	
  mucosi7s	
  
Severe	
  enteri7is	
  	
  

PN	
  is	
  ineffec7ve	
  and	
  probably	
  harmful	
  in	
  
	
  pa7ents	
  in	
  whom	
  there	
  is	
  no	
  	
  
gastrointes7nal	
  reason	
  for	
  intes7nal	
  failure	
  
	
  (Grade	
  A).	
  
PN	
  is	
  recommended	
  in	
  pa7ents	
  with	
  	
  
severe	
  mucosi7s	
  or	
  severe	
  radia7on	
  enteri7s	
  
	
  (Grade	
  C).	
  

	
   	
   	
  BozzeC	
  2009	
  

Risk	
  of	
  malnutri7on	
  	
  
1)	
  Anorexia	
  and/or	
  mild	
  dysphagia	
  not	
  
	
  	
  	
  	
  resolvable	
  within	
  10-­‐15	
  days	
  
	
  	
  	
  	
  Calorie	
  intake	
  <50%	
  of	
  requiremets	
  
2)	
  Malnourished	
  pa7ents	
  (BMI<18	
  Kg/m2)	
  
	
  	
  	
  	
  with	
  anorexia	
  and/or	
  mild	
  dysphagia,	
  	
  
	
  	
  	
  	
  loss	
  of	
  5%	
  of	
  their	
  normal	
  weight	
  
	
  	
  	
  	
  in	
  the	
  previuos	
  6	
  months	
  
	
  	
  	
  calorie	
  Intake	
  <50%	
  of	
  requirements	
  

Ability	
  to	
  take	
  food	
  
1)Normally	
  nourished	
  pa7ents	
  or	
  
	
  those	
  at	
  risk	
  of	
  malnutri7on	
  
	
  with	
  	
  anorexia	
  and/or	
  severe	
  
	
  dysphagia	
  or	
  with	
  severe	
  o	
  
	
  moderate	
  hypercatabolism	
  
	
  calorie	
  intake	
  <50%	
  of	
  requiremets	
  
	
  for	
  at	
  least	
  10-­‐15	
  days	
  
Rate	
  of	
  weight	
  loss	
  
1)	
  Malnourished	
  pa7ents	
  (BMI<18)	
  
	
  	
  	
  	
  weight	
  loss	
  of	
  10%	
  in	
  the	
  
	
  	
  	
  	
  previuos	
  6	
  months	
  
	
  	
  	
  	
  calorie	
  Intake	
  <50%	
  of	
  requirements	
  
	
  	
  	
  	
  for	
  at	
  least	
  5-­‐10	
  days	
  
	
  	
  	
  	
  	
  

NGT/PEG	
  



The	
  choice	
  of	
  Feeding	
  Tubes	
  
	
  

NGT	
  vs	
  PEG	
  
	
  

	
  the	
  7ming	
  of	
  their	
  use	
  

Prophylac7c	
  vs	
  Reac7ve	
  Use	
  	
  
	
  	
  
	
  

	
  their	
  effect	
  on	
  	
  
	
  

weight	
  loss,	
  	
  
hospitaliza7ons,	
  

	
  quality	
  of	
  life	
  (QOL)	
  
	
  long-­‐term	
  func7onal	
  outcomes	
  	
  



	
  
	
  the	
  7ming	
  of	
  	
  
the	
  NGT/PEG	
  

Prophylac7c	
  vs	
  Reac7ve	
  Use	
  	
  
	
  	
  
	
  
	
  
	
  	
  

Preven7ng	
  weight	
  loss,	
  
	
  reducing	
  rates	
  of	
  dehydra7on	
  
	
  and	
  hospitaliza7ons,	
  
	
  avoiding	
  treatment	
  breaks	
  
	
  perhaps	
  improving	
  overall	
  
	
  disease	
  response	
  

Early	
  oral	
  nutri7onal	
  supplements	
  	
  

Close	
  monitoring	
  

NGT	
  or	
  PEG	
  limited	
  to	
  	
  
those	
  pa7ents	
  who	
  are	
  
	
  unable	
  to	
  maintain	
  their	
  	
  
nutri7onal	
  requirements.	
  	
  

Conflic7ng	
  results	
  

AGAINST	
  
longer	
  FT	
  dependence,(>1	
  year)	
  
increase	
  the	
  risk	
  of	
  late	
  esophageal	
  strictures	
  

AGAINST	
  
FT	
  rates	
  >70%	
  
FT	
  rates	
  40%50%	
  

FOR	
  
Spare	
  pa7ents	
  who	
  do	
  not	
  need	
  
enteral	
  feeding	
  tubes	
  	
  
Lower	
  late	
  dysphagia	
  
Shorter	
  dura7on	
  of	
  tube	
  dependence	
  

VS	
  

FOR	
  
Be2er	
  weight	
  preserva7on	
  
Less	
  hospitaliza7on	
  
Improved	
  QOL	
  



The	
  choice	
  of	
  Feeding	
  Tubes	
  
NGT	
  vs	
  PEG	
  

The	
  Cochrane	
  Library	
  2013,	
  Issue	
  1	
  

Randomized	
  study	
  of	
  percutaneous	
  endoscopic	
  gastrostomy	
  versus	
  nasogastric	
  tubes	
  
for	
  enteral	
  feeding	
  in	
  head	
  and	
  neck	
  cancer	
  pa6ents	
  treated	
  with	
  (chemo)radia6on.	
  

	
   	
  	
   	
   	
   	
  	
   	
   	
   	
  	
   	
  Corry,	
  2008	
  

33	
  pts	
  



Dysphagia/swallowing	
  disfunc7ons	
  
	
  nutri7on	
  

No	
  data	
  about	
  the	
  o7mal	
  7ming	
  and	
  method	
  of	
  ar7ficial	
  
Nutri7on	
  (NSG	
  vs	
  PEG)	
  

Pa7ents	
  should	
  be	
  encouraged	
  to	
  con7nue	
  to	
  swallow	
  	
  

Stop	
  the	
  ar7ficial	
  nutri7on	
  as	
  soon	
  as	
  possible	
  



Dysphagia-­‐Aspira7on	
  Related	
  Structures	
  
Radia7on-­‐induced	
  Swallowing	
  Dysfunc7on	
  (SWOARs).	
  	
  
	
  

A)	
  the	
  base	
  of	
  tongue	
  and	
  superior	
  pharyngeal	
  constrictor,	
  
(B)	
  middle	
  pharyngeal	
  constrictor,	
  
(C)	
  supraglozc	
  larynx	
  and	
  inferior	
  pharyngeal	
  constrictor,	
  and	
  
(D)	
  glozc	
  larynx	
  and	
  inferior	
  pharyngeal	
  constrictor	
  delineated	
  	
  

Red,	
  superior	
  pharyngeal	
  constrictor;	
  light	
  blue,	
  middle	
  pharyngeal	
  
constrictor;	
  yellow,	
  inferior	
  pharyngeal	
  constrictor;	
  dark	
  blue,	
  
cricopharyngeus;	
  dark	
  green,	
  esophageal	
  inlet;	
  purple,	
  cervical	
  esophagus;	
  
orange,	
  base	
  of	
  tongue;	
  pink,	
  supraglozc	
  larynx;	
  and	
  light	
  green,	
  glozc	
  
larynx	
  

mean	
  dose	
  constraints	
  or	
  treatment	
  planning	
  goals	
  of	
  <40	
  Gy	
  for	
  the	
  glozc/supraglozc	
  
larynx	
  and	
  55	
  Gy	
  for	
  the	
  pharyngeal	
  constrictors	
  seem	
  reasonable	
  and	
  should	
  be	
  effec7ve	
  at	
  
reducing	
  the	
  risk	
  of	
  long-­‐term	
  dysphagia.	
  	
  

	
  Chris:anen,	
  2011	
  	
  



Sanguine:,	
  2011	
  

Conclusions:	
  The	
  risk	
  of	
  PEG	
  use	
  is	
  dras6cally	
  reduced	
  when	
  OM	
  V9.5–V10	
  Gy/week	
  is	
  <50–60	
  
cm3.	
  These	
  data	
  warrant	
  prospec6ve	
  valida6on.	
  

IMRT	
  

Sanguine:,	
  2013	
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  literature-­‐based	
  

cachexia	
  



Wong,	
  2013	
  

Derma77s	
  scales	
  

limited	
  evidence	
  to	
  support	
  any	
  of	
  these	
  scales,	
  
	
  use	
  of	
  more	
  than	
  one	
  scale	
  should	
  be	
  considered	
  



the	
  prophylac7c	
  use	
  of	
  gentle	
  washing	
  with	
  	
  
water,	
  with	
  or	
  without	
  mild	
  soap/shampoo	
  	
  
to	
  reduce	
  the	
  worse	
  toxicity	
  grade	
  experienced	
  

;	
  	
  
	
  

STRONG	
  RECOMMENDATION	
  
FOR	
  

STRONG	
  RECOMMENDATION	
  
AGAINST	
  

the	
  prophylac7c	
  use	
  of	
  	
  
aloe	
  vera	
  or	
  trolamine	
  	
  

NO	
  RECOMMENDATION	
  POSSIBLE	
  
	
  

Topical	
  sulcrate	
  and	
  its	
  deriva7ves,	
  hyaluronic	
  acid,	
  ascorbic	
  acid,	
  
	
  silver	
  leaf	
  dressing,	
  LED,	
  Theta-­‐Cream,	
  dexpanthenol,	
  and	
  calendula;	
  	
  
oral	
  proteoly7c	
  enzymes,	
  sucralfate,	
  zinc,	
  and	
  pentoxifylline	
  	
  

	
  

PREVENTION	
  



NO	
  RECOMMENDATION	
  POSSIBLE	
  
	
  

hydro-­‐	
  colloid	
  dressing	
  
vapor	
  permeable	
  dressing	
  (TegadermTM)	
  
Gen7an	
  violet	
  	
  
sucralfate	
  cream,	
  	
  
hydrocor7sone	
  1	
  %,	
  	
  
honey,	
  
trolamine	
  	
  
	
  
in	
  reducing	
  7me	
  to	
  recovery.	
  

	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Level	
  of	
  evidence	
  II,	
  Recommenda7on	
  Grade	
  C	
  	
  
	
  	
  
	
  	
  
	
  

TREATMENT	
  



Bernier,	
  2011	
  

IN-­‐FIELD	
  BIO-­‐RADIATION	
  SKIN	
  TOXICITY	
  

A	
  single-­‐center	
  non	
  randomized	
  comparison	
  
	
  
	
  incidence	
  of	
  grade	
  3/4	
  derma77s	
  	
  

radiotherapy	
  plus	
  cetuximab	
  versus	
  	
  CRT	
  
	
  	
   	
  	
  (18.0%	
  versus	
  2.1%;	
  P	
  =	
  0.014)	
  

	
  	
  
treatment	
  compliance	
  	
  
	
  radiotherapy	
  plus	
  cetuximab	
  versus	
  CRT	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (noncompliance	
  12.0%	
  versus	
  37.5%,	
  P	
  =	
  0.003)	
  

increase	
  of	
  5%	
  in	
  the	
  incidence	
  of	
  grade	
  >	
  3	
  radia7on	
  derma77s	
  in	
  the	
  cetuximab	
  arm	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  Bonner	
  2006	
  	
  

	
  	
  
	
  



IN-­‐FIELD	
  BIO-­‐RADIATION	
  SKIN	
  TOXICITY	
  

Impact	
  of	
  AEs	
  on	
  pa7ent’s	
  ac7vity	
  daily	
  living	
  
AEs	
  seriouness	
  (level	
  of	
  treatment	
  or	
  necessity	
  of	
  hospitaliza7on	
  



IN-­‐FIELD	
  BIO-­‐RADIATION	
  SKIN	
  TOXICITY	
  

Gu:errez	
  2012	
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MASCC	
  2010	
  

saliva	
  collec7on	
  procedures	
  
whole	
  saliva	
  
selec6ve	
  paro6d	
  saliva	
  (single	
  or	
  both	
  glands	
  pooled)	
  
submandibular/sublingual	
  saliva	
  
all	
  major	
  glands	
  pooled	
  aVer	
  collec6on	
  
	
  
s7mulatory	
  state	
  of	
  the	
  glands	
  
uns6mulated,	
  s6mulated	
  by	
  chewing	
  paraffin	
  wax,	
  parafilm,	
  	
  
rubber,	
  rubber	
  ring,	
  surgical	
  latex	
  tube,	
  vitamin	
  C	
  tablets,	
  corn	
  
	
  chips,	
  chewing	
  gum,	
  sucking	
  on	
  lemon	
  candy,	
  or	
  oral	
  applica6on	
  
	
  of	
  1%,	
  2%,	
  or	
  5%	
  citric	
  acid)	
  	
  
	
  

flow	
  rate	
  units,	
  i.e.,	
  ml/min,	
  ml/2	
  min,	
  ml/5	
  min,	
  ml/10	
  min,	
  
	
  
	
  g	
  (no	
  6me	
  unit),	
  g/2	
  min,	
  g/5	
  min,	
  g/10	
  min,	
  
	
  
	
  and	
  percent	
  change	
  with/without	
  repor6ng	
  of	
  baseline	
  values.	
  	
  

	
  
Assessments	
  were	
  carried	
  out	
  at	
  a	
  wide	
  range	
  of	
  different	
  7me	
  points	
  during	
  and	
  aNer	
  cancer	
  
treatment	
  and,	
  in	
  some	
  cases,	
  ranger	
  from	
  a	
  few	
  months	
  to	
  several	
  years	
  aNer	
  cancer	
  therapy.	
  



IMRT	
  

QUANTEC	
  Group	
  concluded	
  that	
  severe	
  xerostomia,	
  defined	
  as	
  long-­‐term	
  s7mulated	
  
salivary	
  flow	
  <25%	
  of	
  baseline,	
  can	
  be	
  reduced	
  if	
  at	
  least	
  one	
  paro7d	
  gland	
  is	
  spared	
  
with	
  a	
  mean	
  dose	
  of	
  less	
  than	
  20	
  Gy	
  or	
  if	
  both	
  glands	
  are	
  spared	
  with	
  a	
  mean	
  dose	
  of	
  
less	
  than	
  <25	
  Gy	
  	
  

Nuzng	
  CM,	
  et	
  al.	
  Paro7d-­‐sparing	
  intensity	
  modulated	
  versus	
  conven7onal	
  radiotherapy	
  in	
  
head	
  and	
  neck	
  cancer	
  (PARSPORT):	
  a	
  phase	
  3	
  mul7centre	
  randomised	
  controlled	
  trial.	
  	
  
Lancet	
  Oncol	
  2011;12:127–136.	
  
	
  Kam	
  MK,	
  et	
  al.	
  Prospec7ve	
  randomized	
  study	
  of	
  intensity-­‐modulated	
  radiotherapy	
  on	
  
salivary	
  gland	
  func7on	
  in	
  early-­‐stage	
  nasopharyngeal	
  carcinoma	
  pa7ents.	
  
J	
  Clin	
  Oncol	
  2007;25:4873–4879.	
  



IMRT	
  

Beetz	
  2013	
  

Significantly	
  lower	
  rates	
  of	
  radia7on-­‐induced	
  pa7ent-­‐rated	
  xerostomia	
  were	
  found	
  
among	
  pa7ents	
  treated	
  according	
  to	
  the	
  QUANTEC	
  criteria,	
  
	
  but	
  these	
  criteria	
  do	
  not	
  completely	
  protect	
  against	
  xerostomia.	
  	
  

Older	
  age,	
  xerostomia	
  pre-­‐RT,	
  oropharyngeal,	
  nasopharyngeal	
  carcinoma	
  
bilateral	
  irradia7on	
  ,lymph	
  node	
  metastases.	
  
	
  
major	
  overlap	
  of	
  the	
  PTV	
  with	
  larger	
  parts	
  of	
  the	
  paro7d	
  glands.	
  	
  
	
  



AMIFOSTINE	
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Infec7ons	
  
a)	
  Oropharyngeal	
  candidiasis	
  
	
  
b)	
  Skin-­‐soN	
  Tissue	
  infec7on	
  	
  
in	
  site	
  of	
  gastrostomy	
  or	
  tracheostomy	
  
	
  
c)	
  CVC	
  infec7ons	
  
	
  
d)	
  Systemic	
  Infec7ons	
  



V.	
  Lalla	
  MASCC	
  2010	
  	
  

Prevalence	
  	
   	
  7.5%	
  pre-­‐	
  treatment,	
  	
  

	
   	
   	
  39.1%	
  during	
  treatment,	
  	
  

	
   	
   	
  32.6%	
  aNer	
  the	
  end	
  of	
  cancer	
  therapy.	
  	
  

Italy	
  
42.4%	
  of	
  people	
  >70years	
  and	
  in	
  58.2%	
  of	
  younger	
  individuals	
  
Mucosi7s	
  and	
  dysphagia	
  were	
  higher	
  and	
  saliva7on	
  reduced	
  among	
  people	
  with	
  OPM	
  (p<0.0000).	
  
Pa7ents	
  with	
  OPM	
  had	
  longer	
  hospitaliza7on	
  (p=0.0002)	
  and	
  longer	
  (>12days)	
  treatment	
  interrup7ons	
  (p=0.0288).	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  Buse\o	
  Rad	
  Onc	
  2013	
  

Pseudomembranous	
  candidiasis	
  (thrush)	
  
Chronic	
  hyperplas7c	
  candidiasis:	
  
Erythematous	
  candidiasis:	
  
Angular	
  cheili7s:	
  

.	
  

Candida	
  tropicalis,	
  are	
  more	
  likely	
  to	
  spread	
  into	
  
the	
  systemic	
  circula7on.	
  



Systemic	
  fuconazole,	
  effec7ve	
  in	
  the	
  preven7on	
  of	
  clinical	
  oral	
  fungal	
  infec7on	
  and	
  in	
  	
  
reducing	
  oral	
  fungal	
  coloniza7on	
  
(level	
  of	
  evidence	
  I,	
  recommenda7on	
  grade	
  A)	
  	
  
	
  

PROPHYLAXIS	
  



	
  Their	
  use	
  for	
  prophylaxis	
  in	
  certain	
  oncology	
  sezngs	
  (e.g.,	
  pa7ents	
  receiving	
  head	
  and	
  neck	
  
radia7on	
  therapy	
  over	
  6−7	
  weeks)	
  can	
  be	
  problema7c.	
  	
  
	
  
The	
  emergence	
  of	
  resistant	
  species	
  is	
  one	
  important	
  concern	
  with	
  such	
  prophylac7c	
  use.	
  

Corvò	
  	
  2007	
  

Higher	
  rate	
  of	
  the	
  OPC	
  outbreak-­‐free	
  survival	
  in	
  the	
  fluconazole	
  compared	
  with	
  placebo	
  (P	
  =	
  0.008))	
  

Fluconazole	
  oral	
  suspension	
  100	
  mg/day	
  

PROPHYLAXIS	
  

PATIENTS	
  AT	
  RISK	
  
	
   	
   	
   	
   	
   	
   	
   	
  BuseKo	
  2013	
  

	
  
IMMUNOCOMPROMIZED	
  PATIENTS	
  
	
  
DIABETIC	
  
	
  
STEROID	
  THERAPY	
  



Lalla	
  2010	
  

(IDSA)	
  guidelines	
  recommend	
  the	
  use	
  of	
  clotrimazole	
  troches	
  or	
  nysta7n	
  suspension/
pas7lles	
  as	
  first-­‐line	
  therapy	
  for	
  the	
  management	
  of	
  mild	
  oropharyngeal	
  candidiasis	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
  Pappas	
  2009	
  

inconsistent	
  picture	
  of	
  the	
  efficacy	
  of	
  topical	
  agents	
  in	
  pa7ents	
  receiving	
  cancer	
  therapy	
  	
  
(level	
  of	
  evidence	
  II,	
  recommenda7on	
  grade	
  C).	
  

TREATMENT	
  



Sistemic	
  Inflammatory	
  Response	
  Syndrome	
  
SIRS	
  

Mucosi7s	
  
Derma77s	
  
Oropharyngeal	
  candidiasis	
  
	
  Skin-­‐soN	
  Tissue	
  infec7on	
  	
  
in	
  site	
  of	
  	
  
gastrostomy	
  or	
  tracheostomy	
  
CVC	
  infec7ons	
  
Systemic	
  Infec7ons	
  

fever	
  with	
  a	
  core	
  temperature	
  >38°C	
  or	
  <36°C	
  
heart	
  rate	
  >90	
  beats	
  per	
  min,	
  
respiratory	
  rate	
  >20	
  breaths	
  per	
  min,	
  leukocytosis	
  (>12	
  ·∙	
  109/l)	
  
or	
  leukopenia	
  (<4	
  ·∙	
  109/l).	
  

25%-­‐70%	
  
death	
  



Academic	
  centres	
  received	
  more	
  suppor7ve	
  interven7ons	
  
	
  	
  
lower	
  rates	
  of	
  toxicity	
  requiring	
  less	
  suppor7ve	
  care,	
  

	
  less	
  stringent	
  documenta7on,	
  	
  
	
  
less	
  aggressive	
  use	
  of	
  suppor7ve	
  care	
  measures.	
  



MUCOSITIS	
  PREVENTION	
  AND	
  TREATMENT	
  IN	
  HEAD	
  AND	
  NECK	
  CANCER	
  PATIENTS	
  
TREATED	
  WITH	
  (CHEMO)RADIATION:	
  REPORT	
  OF	
  AN	
  ITALIAN	
  SURVEY	
  	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  courtesy	
  of	
  Bossi	
  2013	
  

September	
  2012	
  to	
  November	
  2012.	
  
Results	
  
CTCAE	
  scale	
  is	
  employed	
  by	
  55%	
  of	
  the	
  physicians	
  in	
  assessing	
  mucosal	
  toxicity.	
  Gastrostomy	
  is	
  placed	
  with	
  
prophylac7c	
  intent	
  in	
  less	
  than	
  10%	
  of	
  the	
  pa7ents,	
  mainly	
  due	
  to	
  weight	
  loss	
  before	
  treatment.	
  
	
  Preven7ve	
  an7bio7c	
  or	
  an7myco7c	
  are	
  prescribed	
  by	
  46%	
  of	
  the	
  responders	
  (mainly	
  local	
  or	
  systemic	
  an7myco7c	
  
drugs).	
  	
  
Alkalinizing	
  mouthwashes	
  or	
  coa7ng	
  agents	
  are	
  frequently	
  adopted	
  (70%	
  of	
  the	
  cases).	
  
	
  Among	
  therapeu7c	
  interven7on,	
  systemic	
  fluconazole	
  is	
  administered	
  by	
  80%	
  of	
  the	
  physicians,	
  while	
  the	
  an7bio7cs	
  
chosen	
  are	
  penicillins,	
  cephalosporins	
  or	
  fluoroquinolones	
  (20%	
  each).	
  
	
  Mucosi7s	
  induced	
  pain	
  is	
  mainly	
  treated	
  by	
  weak	
  followed	
  by	
  strong	
  opioids.	
  Pain	
  during	
  swallowing	
  is	
  considered	
  as	
  
breakthrough	
  pain	
  by	
  69%	
  of	
  the	
  responders.	
  
	
  
	
  
Conclusions	
  
Pa2ern	
  of	
  mucosi7s	
  preven7on	
  and	
  treatment	
  varies	
  among	
  Italian	
  Centers,	
  with	
  some	
  
uniform	
  conducts	
  in	
  nutri7on,	
  use	
  of	
  an7myco7c	
  and	
  painkillers.	
  There	
  is	
  a	
  strong	
  need	
  for	
  
well	
  conducted	
  clinical	
  trials	
  in	
  assessing	
  best	
  choices	
  regarding	
  mucosi7s	
  preven7on	
  and	
  
treatment	
  in	
  HNC.	
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