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Preface to the first edition

This book is intended primarily for trainees in clinical
oncology, but members of other professions such as
medical oncology, surgery, palliative care, nursing and
radiography will also find it useful. The book started
life as a set of lecture notes from the Cardiff Annual
FRCR Part II course, but has since grown to include
more topics than could possibly be covered during the
three days of that course. Our approach in producing
this volume has been to focus on practical suggestions
appropriate to day-to-day decision making during the
treatment of oncology patients. We are very grateful to
our colleagues from Velindre and elsewhere, who are
listed on page xi, for reviewing specific chapters and
ensuring that the advice contained within is as widely
applicable as possible.

The first seven chapters cover ‘generic’ topics
which provide background information on can-
cer treatments. These are chemotherapy, biological
and hormonal treatments, radiotherapy planning,
research, emergencies and palliative care. The chap-
ters which follow each focus on a tumour site or
tumour type. In this latter group, the chapter layout
is fairly consistent to help the reader navigate through
the book. Thus, each chapter begins with background
information on tumour types, anatomy, incidence,
epidemiology, risk factors and aetiology. Next there

are sections on pathology, routes of spread and, where
appropriate, screening. These are followed by clinical
sections on presentation, investigations, treatment
and prognosis. Most of the chapters also discuss areas
of current interest and clinical trials, reflecting the
rapidly changing nature of clinical oncology where
many areas of practice are open to debate. Where ref-
erences are given, we have tried as much as possible to
include those key publications which have influenced
clinical practice. Towards the end of the book there is
a series of ‘single best answer’ multiple choice ques-
tions, which will give the reader the opportunity to
test their knowledge.

In a book of this length, it is not possible to pro-
vide as much of the subject as would be found, for
example, in the larger multivolume oncology text-
books. Nevertheless, an attempt has been made to give
an overview of clinical oncology practice at the present
time, which we hope will be of interest and benefit to
trainees.

The idea for writing this book came about several
years ago when two of the editors (TC and LH) were
studying for their FRCR part II examination. They
have since become consultants in Velindre Hospital
with FM and all three now teach on the Cardiff Annual
FRCR partII course.

Xi






Preface to the second edition

It is now seven years since the first edition of this book
was published and during that time there have been
major changes in the non-surgical management of
patients with cancer with new systemic treatments and
new radiation technology becoming more widely avail-
able. We have reflected these changes by thoroughly
updating all the topics. The aim of the book remains
the same - to provide all health professionals training
in cancer-related specialties with succinct, up-to-date
summaries of current practice.

Asbefore, the book starts with introductory chap-
ters covering generic topics such as chemotherapy;,
biological and hormone treatments, radiotherapy
planning, research and palliative care. We have added
new generic chapters on pathology and advanced
external beam radiotherapy to reflect recent devel-
opments in these areas. The chapters on oncological
emergencies and cancer of unknown primary have
been placed together to recognise the developing
concept of acute oncology. After the generic topics,
the chapters each address the management of specific

tumour types. The topics on the use of radiotherapy in
benign diseases have been incorporated within these
chapters. As with all textbooks of this type, there is a
limit to the amount of detailed information that can
be included and, in particular, topics in which there
is rapid change or active research may become dated
quite quickly. We have asked the authors to flag up
important current clinical trials and potential new
developments. There is a series of multiple choice
questions at the end of the book. For readers who wish
to test their knowledge, further multiple choice ques-
tions set at the level of the Final FRCR examination
can be found in Oncopaedia (www.oncopaedia.com/
accessed February 2015).*

Although the book is still firmly rooted in the revi-
sion course runat Velindre Hospital in Cardift for train-
ees taking the Final FRCR examination and reflecting
contemporary clinical practice in the UK, we hope that
it will still be informative for those from other special-
ties and from other countries. We hope you will enjoy
reading and learning from this new edition.

* Please note that this website is recommended by the Editors but is not formally endorsed by Cambridge University Press.
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colony-stimulating factor

gonadotrophin-releasing hormone
gastro-oesophageal

Gynaecologic Oncology Group
gastro-oesophageal junction
gastro-oesophageal reflux disease
general practitioner

granulomatosis with polyangiitis
(Wegener’s granulomatosis)

glutathione S-transferase mu 1
gestational trophoblast tumour
gross tumour volume
genitourinary

Gray

gynaecological
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HAART
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HBV

HCC
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HCV
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HDCT
HDR
HDU
H+E
HER

HERI1

HER2

HER3

HER4

HES
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HGFR
HGG
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histamine H2

hydrogen peroxide

highly active anti-retroviral therapy
hexyl ester hexaminolevulinate
heterotopic bone formation
hepatitis B virus

hepatocellular carcinoma

human chorionic gonadotrophin
hepatitis C virus

high dose chemotherapy

high dose chemotherapy with
autologous stem cell transplant

high dose chemotherapy
high dose rate

high dependency unit
haematoxylin and eosin

human epidermal growth factor
receptor

human epidermal growth factor
receptor 1: EGFR; epidermal growth
factor receptor

human epidermal growth factor
receptor 2: ERBB2; erb-b2 receptor
tyrosine kinase 2

human epidermal growth factor
receptor 3: ERBB3; erb-b2 receptor
tyrosine kinase 3

human epidermal growth factor
receptor 4: ERBB4; erb-b2 receptor
tyrosine kinase 4

hospital episode statistics
hepatocyte growth factor
hepatocyte growth factor receptor
high grade glioma

hedgehog

human herpesvirus
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HIV

HL
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HPV

HR
HR-CTV
HRT
HSP

HT

HTP
hTERT
HTLV-1
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ICC
ICD-10

ICD-0O-3

ICRI
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high intensity focussed ultrasound
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human immunodeficiency virus
Hodgkin lymphoma

human melanoma black

hereditary non-polyposis
colorectal cancer

head and neck squamous cell carcinoma
high-powered field

hypertrophic pulmonary
osteo-arthropathy

human papilloma virus

hazard ratio

high-risk CTV

hormone replacement therapy

heat shock protein

hormone therapy

hydroxytryptophan

human telomerase reverse transcriptase
human T-cell lymphotropic virus-1

International Association for the Study
of Lung Cancer

International Breast Cancer
Study Group

International Breast Cancer
Intervention Study

intercellular adhesion molecule 1
interstitial cells of Cajal

International Statistical Classification
of Diseases 10th revision

International Classification of Diseases
for Oncology, 3rd Edition

International Rare Cancers Initiative

International Collaborative Ovarian
Neoplasm study

ICORG

ICP
ICRU
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IFN
IFNAR
IFNGR
IFRT
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IGBT
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IGF
IGRT
IHC
IHD
IL
ILT
im.
IM
IMN
IMP
IMRT
INPC

INRT
IPI
I-PSS
IQ
IR-CTV

Irish Clinical Oncology
Research Group

intracranial pressure

International Commission on
Radiation Units and Measurements

International Extranodal Lymphoma
Study Group

interferon

interferon (alpha and beta) receptor
interferon gamma receptor
involved-field radiotherapy
immunoglobulin

image-guided brachytherapy

International Germ Cell Consensus
Collaborative Group

intratubular germ cell neoplasia
insulin-like growth factor
image-guided radiotherapy
immunohistochemistry
ischaemic heart disease
interleukin

intraluminal brachytherapy
intramuscular

internal margin

internal mammary node
investigational medicinal product
intensity-modulated radiation therapy

International Neuroblastoma
Pathology Classification

involved node radiotherapy
International Prognostic Index
International Prostate Symptom Score
intelligence quotient

intermediate-risk CTV
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LACE
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International Organisation for
Standardisation
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involved-site radiotherapy
intention to treat

intensive therapy unit
internal target volume
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intravenous

inferior vena cava
intravenous urogram
International Working Group

jugulo-venous pressure

MKI67; marker of proliferation Ki-67

kinesin-like protein

v-kit Hardy-Zuckerman 4 feline
sarcoma viral oncogene homolog

IGF I mRNA binding protein 3
Karnofsky performance status

Kirsten rat sarcoma viral oncogene
homolog

Lung Adjuvant Cisplatin Evaluation
lymphokine-activated killer

locally advanced pancreatic cancer
long-acting release

lobular carcinoma in situ

large cell neuroendocrine carcinoma

large cell neuroendocrine
differentiation

latissimus dorsi
local disease-free survival

lactate dehydrogenase

LDL
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LEEP
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LLETZ
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MAb
MAB
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MACIS

MAG 3
MAGE
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MALT
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MAOI
MAPK
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low density lipoprotein
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loop electro-excision procedure
liver function tests

low-grade glioma

luteinising hormone

luteinising hormone releasing
hormone

luteinising hormone releasing
hormone agonist

large loop excision of the
transformation zone

lentigo maligna melanoma
lymph node

loss of heterozygosity

local recurrence

National Lung Cancer Audit
Database

monoclonal antibody
maximal androgen blockade

Meta-Analysis of Chemotherapy on
Head and Neck Cancer

metastases, age, completeness of
surgery, invasion of extrathyroidal
tissues, size
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melanoma antigen expression
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Medical Research Council Adjuvant
Gastric Infusional Chemotherapy

mucosa-associated lymphoid tissue
multi-arm multi-stage
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mitogen-activated protein kinase

melanoma antigen recognised by
T cells
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MGUS

MIB-1
MIBC
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MM

MMC
MMAE
MMR

MMS
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MPHOSPH1
MRC
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Supportive Care in Cancer

metastatic breast cancer
mega-Becquerel

Michigan Cancer Foundation-7
mantle cell lymphoma
metastatic colorectal cancer
metastatic disease-free survival
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multidisciplinary team
multiple endocrine neoplasia

MET proto-oncogene,
receptor tyrosine kinase
(synonym = hepatocyte growth
factor receptor)

mycosis fungoides
male to female

O¢ methylguanine-DNA
methyltransferase

monoclonal gammopathy of
undetermined significance

antibody to Ki-67
muscle-invasive bladder cancer
meta-iodobenzylguanidine
multileaf collimator
malignant melanoma
mitomycin C

monomethyl auristan E
mismatch repair
multimodal screening
multiparametric

M phase phosphoprotein 1
Medical Research Council

magnetic resonance
cholangiopancreatogram

MRI
mRNA
MRS
MRSA

MS
MSCC
MSH
MSI
MSKCC

MSTRI1

MSU
MTC
MTD
MTOR
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MUGA scan
MUMI1
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MV
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MYC

MYCN

MYOD1
MZL
NAC
NAHT

magnetic resonance imaging
messenger ribonucleic acid
magnetic spectroscopy

methicillin-resistant
Staphylococcus aureus

median survival

malignant spinal cord compression
DNA mismatch repair gene
microsatellite instability

Memorial Sloan-Kettering
Cancer Center

macrophage-stimulating 1
receptor (c-met-related tyrosine
kinase)

mid-stream urine
medullary thyroid carcinoma
maximally tolerated dose

mechanistic target of rapamycin
(serine/threonine kinase)

mucin
multigated acquisition scan

melanoma-associated antigen
(mutated) 1

metastatic malignancy of
unknown origin

megavoltage
molecular weight

v-myc myelocytomatosis viral
oncogene homolog

v-myc avian myelocytomatosis viral
oncogene neuroblastoma derived
homolog

myogenic differentiation 1
marginal zone lymphoma
nipple areola complex

neoadjuvant hormone therapy
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NLRP7; NLR family, pyrin domain
containing 7

n-acetyltransferase

National Comprehensive Cancer Network
North Central Cancer Treatment Group
National Cancer Institute

National Cancer Research Institute
National Cancer Research Network

neodynium-doped
yttrium-aluminium-garnet

neuroendocrine tumour

neuro/glioblastoma-derived oncogene
homolog: HER2; erb-b2 receptor
tyrosine kinase 2

neurofibromatosis
non-Hodgkin lymphoma
National Health Service
Nottingham prognostic index

National Institute for Health and Care
Excellence

National Institute of Health
National Institute for Health Research
natural killer

nodular lymphocyte predominant
Hodgkin lymphoma

nodular melanoma
non-invasive bladder cancer

MYCN; v-myc avian myelocytomatosis
viral oncogene neuroblastoma-derived
homolog

number needed to treat

at night

not otherwise specified
nasopharyngeal carcinoma

National Radiotherapy
Implementation Group

NS
NSAA
NSABP

NSAID
NSCLC
NSGCT
NST
NTCP
NY-ESO-1
OAR

ocC

OCT3/4
OFA
OFS
OPC
OPT
OR

(0N

plé

p16INK4a

p450
PanIN
PAP
PATCH

PAXS8
PCI
PCNSL

PCP

not significant
non-steroidal anti-androgen

National Surgical Adjuvant Breast and
Bowel Project

non-steroidal anti-inflammatory drug
non-small-cell lung cancer
non-seminomatous germ cell tumour
no specific type

normal tissue complication probability
cancer/testis antigen

organs at risk

oesophageal cancer; oral
contraceptive

POUS5F1; POU class 5 homeobox 1
oncofetal antigen

ovarian function suppression
oropharyngeal carcinoma
orthopantogram

odds ratio

overall survival

CDKN2A; cyclin-dependent kinase
inhibitor 2A

p16: CDKN2A; cyclin-dependent
kinase inhibitor 2A

cytochrome p450
pancreatic intraepithelial neoplasia
prostatic acid phosphatase

Prostate
Adenocarcinoma: TransCutaneous
Hormones

paired box 8
prophylactic cranial irradiation

primary central nervous system
lymphoma

pneumocystis carinae pneumonia
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PD-1
PDA
PDC
PDD
PDE5
PDGF
PDGFR
PD-L1
PDN
PDR
PDT
PDVR

PEI
PET
PES
PGF
PGP
PgR
PhRMA

PI3K
PICC
PIK3CA

PIP
PLAP
PLDH

PM
PMS

PMS2

pathological complete response
PDCD1; programmed cell death 1
poorly differentiated adenocarcinoma
poorly differentiated carcinoma
percentage depth dose
phosphodiesterase type 5 inhibitor
platelet-derived growth factor
platelet-derived growth factor receptor
programmed death-ligand 1

poorly differentiated neoplasm

pulsed dose rate

photodynamic therapy

pancreaticoduodenectomy with vein
resection

percutaneous ethanol injection
positron emission tomography
progression-free survival
placental growth factor
protein gene product
progesterone receptor

Pharmaceutical Research and
Manufacturers of America

phosphatidyl inositol 3 kinase
peripherally inserted central catheter

phosphatidylinositol-4,5-bisphosphate
3-kinase, catalytic subunit alpha

Personal Independent Payment
placental alkaline phosphatase

pegylated liposomal doxorubicin
hydrochloride

partial mole

PMSI1 postmeiotic segregation
increased 1

PMS2 postmeiotic segregation increased

2 (S. cerevisiae)

PNET
p.o.
PORT
PORTEC

PP
PPPD

PPE
PPI
PPRT
PR
PR-A
PR-B
p.r.n.
PrRT
PRRT
PRV
PS
PSA
PSTT
PTC

PTCH
PTEN
PTH
PTH-RP
PTV
PUVA
PV

PVC
PVI

QA

primitive neuroectodermal tumour
per os (by mouth)
postoperative radiotherapy

PostOperative Radiation Therapy in
Endometrial Cancer

pancreatic polypeptide

pylorus-preserving
pancreatico-duodenectomy

palmar—-plantar erythrodysaesthesia
proton pump inhibitor

prostate and pelvic radiotherapy
partial response

progesterone receptor A
progesterone receptor B

pro re nata (as required)

prostate radiotherapy
peptide-receptor radionuclide therapy
planning organ at risk volume
WHO performance status
prostate-specific antigen

placental site trophoblast tumour

in thyroid cancer = papillary
thyroid carcinoma; in hepatobiliary
cancer = percutaneous transhepatic
cholangiograph

patched gene

phosphatase and tensin homolog
parathyroid hormone

parathyroid hormone-related peptide
planning target volume

psoralen plus ultraviolet A

per vagina (through the vagina)

poly (vinyl-choride)

protracted venous infusion

quality assurance
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qmax
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QT
RO
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R2
RA
RAF
RAF1

RAGE
RANK

RANKL
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RBE
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RCC
RCCM
RCR
RCT
REAL
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quater die sumendum (four times a day)
Quality Assurance in Radiation Therapy
quality of life questionnaire

maximum flow

quality of life

QT interval

complete resection

microscopic involved margins
macroscopic involved margins
rheumatoid arthritis

rapidly accelerated fibrosarcoma

Raf-1 proto-oncogene, serine/
threonine kinase

renal antigen expression family

approved gene symbol = TNFRSR11A;
name = tumour necrosis factor receptor
superfamily, member 11a, NFKB
activator

TNFSF11; tumour necrosis factor
(ligand) superfamily, member 11

rat sarcoma viral oncogene homolog
retinoblastoma

retinoblastoma 1 (including
osteosarcoma)

radiobiologically equivalent dose
radical cystectomy

renal cell carcinoma

renal cell carcinoma marker

Royal College of Radiologists
randomised controlled trial

revised European-American lymphoma

response evaluation criteria in solid
tumours

ret proto-oncogene

radiofrequency ablation

RFS
rhTSH

RIC
RMI
RON

RPLND
RR
RRA
RS

rT

RT
RTOG
S$100
SAB
SABR

SACT
SAE

SBP

SBRT

s.C.

SCC

SCF
SCEFR
SCGB2A2

SCLC
SCT
SDH
SEER

recurrence-free survival

recombinant human
thyroid-stimulating hormone

reduced intensity conditioning
relative malignance index

Recepteur d’Origine Nantais: MSTR1;
macrophage-stimulating 1 receptor
(c-met-related tyrosine) kinase

retroperitoneal lymph node dissection
response rate; relative risk
radioiodine remnant ablation
recurrence score

recurrent tumour

radiotherapy

Radiation Therapy Oncology Group
$100 calcium-binding protein

same as before

stereotactic ablative body radiation
therapy

systemic anti-cancer therapy

serious adverse event

solitary bone plasmacytoma
stereotactic body radiotherapy
subcutaneous

squamous cell carcinoma
supraclavicular fossa

mast/stem cell growth factor receptor

secretoglobin family 2A member 2
(Mammaglobin-A)

small cell lung cancer
stem cell transplant
succinate dehydrogenase complex

Surveillance Epidemiology and End
Results
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SEP
SERM
SH

SI

S-1
SIADH

SIGN

SIOP

SIRT

SLE
SLL
SLN
SLNB
SM
SMA
SMAD4
SMAS
SMC
SMO
SMV
SNB
SPECT

SRC

SRH
SS
SSD
SSM
SSP
SSRS

solitary extramedullary plasmacytoma
selective oestrogen receptor modulator
SRC homology

sacro-iliac

superior-inferior

syndrome of inappropriate antidiuretic
hormone

Scottish Intercollegiate Guidelines
Network

Société Internationale d'Oncologie
Pédiatrique

selective internal radiation microsphere

therapy

systemic lupus erythematosus
small lymphocytic lymphoma
sentinel lymph node

sentinel lymph node biopsy
set-up margin

smooth muscle actin

SMAD family member 4
superficial musculo-aponeurotic system
Scottish Medicines Consortium
smoothened receptor

superior mesenteric vein
sentinel node biopsy

single photon emission computed
tomography

SRC proto-oncogene, non-receptor
tyrosine kinase

stigmata of recent haemorrhage
Sézary syndrome

source-skin distance

superficial spreading melanoma
statutory sick pay

somatostatin receptor scintigraphy

STAT3

SV 40

SvC

SVCO
SWENOTECA

SWOG
SXR
T3

T4
TA
TACE
TAH
TB
TBI
TCC
TCP

t.d.s.

TEK
TEM

TFE3

Tg
TGE-B
THW
TIE2

TKI
TLD
TLM
TLS

signal transducer and activator of
transcription 3

simian virus 40
superior vena cava
superior vena cava obstruction

Swedish and Norwegian
Testicular Cancer Group

Southwest Oncology Group
superficial X-ray

liothyronine

thyroxine

technology appraisal
transarterial chemo-embolisation
total abdominal hysterectomy
tuberculosis

total body irradiation
transitional cell carcinoma
tumour control probability

ter die sumendum (three
times a day)

TEK tyrosine kinase, endothelial

trans-anal endoscopic
microscopy

transcription factor binding to
IGHM enhancer 3

thyroglobulin
transforming growth factor beta
thyroid hormone withdrawal

tunica interna endothelial cell
kinase: TEK; TEK tyrosine
kinase, endothelial

tyrosine kinase inhibitor
thermoluminescence dosimetry
transoral laser microsurgery

tumour lysis syndrome
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TME
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TNF
TNESF11
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TORS
TP53
TPR
TRAIL

TROG

TRUS
TSC
TSEBT
TSH
TTF-1
TTK
TURBT

TURP
TVS

U+E

UFT
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UICC
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UKINETS

URLC10
UsS
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total mesorectal excision
tissue maximum ratio
tumour necrosis factor

tumour necrosis factor (ligand)
superfamily, member 11

tumour nodes metastases
transoral robotic surgery
tumour protein p53
tissue phantom ratio

tumour necrosis factor
apoptosis-inducing ligand: TNFSF10;
tumour necrosis factor (ligand)
superfamily, member 10

Trans Tasman Radiation
Oncology Group

transrectal ultrasound

trial steering committee

total skin electron beam therapy
thyroid-stimulating hormone
thyroid transcription factor 1
TTK protein kinase

transurethral resection of
bladder tumour

transurethral resection of the prostate
transvaginal ultrasound

urea and electrolytes

tegafur-uracil

ulcerative colitits

International Union Against Cancer
United Kingdom

UK and Ireland Neuroendocrine
Tumour Society

upregulated in lung cancer 10
ultrasound scan

United States of America

UTI
uv
VAIN
VATS
vC
VEGF
VEGFR

VHL
VIN
VIP
VMAT
VSIM
VTE
WA
WAF1
WBC
WBrRT
WBRT
WCB
WCC
WHO
WLE
WNT

wt
WT1
XRT

urinary tract infection

ultraviolet

vaginal intraepithelial neoplasia
video-assisted thoroscopic surgery
vomiting centre

vascular endothelial growth factor

vascular endothelial growth factor
receptor

Von Hippel Lindau

vulval intraepithelial neoplasia
vasoactive intestinal peptide
volumetric modulated arc therapy
virtual simulation software
venous thromboembolism

wedge angle

cyclin-dependent kinase inhibitor
white blood cell

whole breast radiotherapy

whole brain radiotherapy

Wales Cancer Bank

white cell count

World Health Organisation

wide local excision

wingless-type MMTYV integration site
family

wild-type
Wilms tumour 1

X-ray treatment

Chemotherapy regimens

ABVD

AC

doxorubicin, bleomycin, vinblastine,
dacarbazine

doxorubicin, cyclophosphamide
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BEACOPP

BEAM

BEC
BEP
BOP
BuCy
CAF
CAP

CAPOX
CAV

CHOP

CMF
COPDAC

CTD

CVAD

CvPp

Cy
CYVADIC

DAT

DHAP
EC

ECF
ECX
EMA-CO

bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine,
procarbazine, prednisolone

carmustine, etoposide, cytarabine,
melphalan

bleomycin, etoposide, carboplatin
bleomycin, etoposide, cisplatin
bleomycin, vincristine, cisplatin
busulphan, cyclophosphamide
cyclophosphamide, doxorubicin, 5-FU

cyclophosphamide, doxorubicin,
cisplatin

capecitabine, oxaliplatin

cyclophosphamide, doxorubicin,
vincristine

cyclophosphamide, doxorubicin,
vincristine, prednisolone

cyclophosphamide, methotrexate, 5-FU

cyclophosphamide, vincristine,
dacarbazine, predniolone

cyclophosphamide, thalidomide,
dexamethasone

cyclophosphamide, vincristine,
doxorubicin, dexamethasone

cyclophosphamide, vincristine,
prednisolone

cyclophosphamide

cyclophosphamide, vincristine,
doxorubicin, dacarbazine

daunorubicin, ara-C (cytarabine),
thioguanine

dexamethasone, cytarabine, cisplatin
epirubicin, cyclophosphamide
epirubicin, cisplatin, 5-FU
epirubicin, cisplatin, capecitabine

etoposide, methotrexate,
dactinomycin, cyclophosphamide,
vincristine

EOX
EP
EP-EMA

Epi-CMF

ESHAP

FAC

FEC

FEC-T

FF
FOLFIRI
FOLFIRINOX

FOLFOX
GDP

GEMCAP
Gem-cis
HD-MTX
HD-AC
ICE

IE

IGEV

IVA

IVADo

JEB
MAP
M-CAVI

epirubicin, oxaliplatin, capecitabine
etoposide, cisplatin

etoposide, cisplatin-etoposide,
methotrexate, actinomycin-D

epirubicin, cyclophosphamide,
methotrexate, 5-FU

etoposide, methylprednisolone,
cytarabine, cisplatin

5-FU, doxorubicin,
cyclophosphamide

5-FU, epirubicin,
cyclophosphamide

5-FU, epirubicin,
cyclophosphamide then docetaxel

folinic acid, 5-FU
5-FU, folic acid, irinotecan

5-FU, folic acid, irinotecan,
oxaliplatin

5-FU, folic acid, oxaliplatin

gemcitabine, dexamethasone,
cisplatin

gemcitabine, capecitabine
gemcitabine, cisplatin

high-dose methotrexate
high-dose cytarabine

ifosfamide, carboplatin, etoposide
ifosfamide, etoposide

ifosfamide, gemcitabine,
prednisolone, vinblastine

ifosfamide, vincristine,
dactinomycin

ifosfamide, vincristine,
dactinomycin, doxorubicin

carboplatin, etoposide, bleomycin
methotrexate, doxorubicin, cisplatin

methotrexate, carboplatin,
vinblastine
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MTX

MVAC

MVP

OEPA

OFF

PEI

PF
PLaDo
R-CHOP

R-CVP

R-FC

R-GCVP

R-CODOX-M/R-IVAC

TAC

TC

TE-TP

TIP

TPF

XXX

methotrexate

methotrexate,
vinblastine, doxorubicin,
cisplatin

mitomycin, vinblastine,
cisplatin

vincristine, etoposide,
prednisolone, doxorubicin

oxaliplatin, folinic
acid, 5FU

cisplatin, etoposide,
ifosfamide

cisplatin, 5-FU
cisplatin, doxorubicin

rituximab,
cyclophosphamide,
doxorubicin, vincristine,
prednisolone

rituximab,
cyclophosphamide,
vincristine, prednisolone

rituximab, fludarabine,
cyclophosphamide

rituximab, gemcitabine,
cyclophosphamide,
vincristine, prednisolone

rituximab,
cyclophosphamide,
vincristine, doxorubicin,
cytarabine, methotrexate,
etoposide, ifosfamide

docetaxel, doxorubicin,
cyclophosphamide

docetaxel,
cyclophosphamide

paclitaxel, cisplatin;
paclitaxel etoposide

paclitaxel, ifosfamide,
cisplatin

docetaxel, cisplatin
and 5-FU

VAC vincristine, dactinomycin,
cyclophosphamide

VACA vincristine, dactinomycin,
cyclophosphamide, doxorubicin

VAI vincristine, dactinomycin,
ifosfamide

VAIA vincristine, dactinomycin,
ifosfamide, doxorubicin

VACD vincristine, dactinomycin,
cyclophosphamide, doxorubicin

vC vincristine, cyclophosphamide

VDC vincristine, doxorubicin,
cyclophosphamide

VEC-CDDP vincristine, etoposide,
cyclophosphamide, cisplatin

VIDE vincristine, ifosfamide, etoposide

VIP etoposide, ifosfamide, cisplatin

XELOX capecitabine, oxaliplatin

Radioisotopes

nc carbon-11

Co cobalt-60

SICr chromium-51

137Cs caesium-137

8 fluorine-18

8Ga gallium-68

1231 iodine-123

125 iodine-125

By iodine-131

U indium-111

192 iridium-192

7Lu lutetium-177
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106Ru ruthenium-106
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Introduction

The role of systemic anti-cancer therapy (SACT) in
the management of cancer is evolving rapidly with
widening indications for treatment and, in many diag-
noses, additional therapies and lines of treatment
now available. In 2015, there are now over 140 drugs
licensed to be used for cancer treatment and it is not
practical within this chapter to give a comprehen-
sive description of each drug or treatment regimen.
More detailed information can be found in chemo-
therapy textbooks, at the manufacturers’ websites, the
electronic Medicines Compendium (eMC) or from
oncology pharmacy websites (e.g. http://www.medi-
cines.org.uk/emc and www.bccancer.bc.ca, accessed
January 2015). However, we hope this chapter, which
focuses mainly on classic cytotoxic chemotherapy
drugs, will provide SACT prescribers, pharmacists
and administrators with sufficient information to dis-
cuss treatment with patients, to prescribe and deliver
drugs safely and to recognise common treatment-
related side effects.

Over thelast decade there hasbeen a major increase
in activity and workloads within chemotherapy treat-
ment units. The 2009 National Cancer Advisory Group
report described an increase in overall activity of 60%
in just a four year period (NCAG, 2009). This rise
in activity is in part a result of increased numbers of
patients but there has also been a major expansion in
the indications for which there is effective treatment,
the upper age range of patients treated and, in many
malignancies, the number of lines of therapy available
for use. Whilst the newer drugs are predominantly oral
agents, the recent development of maintenance mono-
clonal antibody therapies for breast cancer and non-
Hodgkin lymphoma and the more modern prolonged
and complex regimens in gastrointestinal malignancies

Practical issues in the use of systemic
anti-cancer therapy drugs

Usman Malik and Philip Savage

have added considerable pressure to the workload of
pharmacy and chemotherapy treatment units.

A summary of the rapid increase in both the num-
ber of new cancer treatment drugs and the change in
identity of new SACT agents can be see in Table 1.1
that shows both the historical and modern trends in
new cancer drugs. This demonstrates the change from
the initial cancer treatment drugs of the 1970s/80s/90s
that were predominantly classic cytotoxic chemother-
apy agents to a new, varied range of agents including
monoclonal antibodies, TKI and MTOR inhibitors
and other new agents (Savage and Mahmoud, 2013).

This increase in the number and variety of
anti-cancer drugs seems set to continue as there are
nearly 1000 new cancer drug trials in the USA alone
at present (PhRMA, 2012). One of the consequences
of the increased numbers of new drugs is the financial
challenge in providing the facilities and manpower to
deliver care, and to pay for the drugs themselves. This
is a problem for all healthcare systems, whether paid
by insurance or state-funded, and it is likely that the
increasing numbers and cost of cancer drug treatment
will continue to influence clinical, economic and polit-
ical decision making (Sullivan et al., 2011).

Aims of systemic anti-cancer therapy

There are three main indications for the use of SACT
drugs.

o Curative: the management of patients with
chemotherapy-curable advanced malignancies
including gestational choriocarcinoma, testicular
cancer, ovarian germ cell tumours, acute
leukaemia, Hodgkin lymphoma, high-grade
non-Hodgkin lymphoma (NHL) and some rare
childhood malignancies.

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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Table 1.1 Historical and modern trends in new cancer drugs

Drug class Pre 1975 1975-1999
Cytotoxic 15 30
Hormonal 0 13

Cytokine 0 2

Peptide 0 2

MAb 0 1

TKI 0 0

MTOR 0 0

Other 0 0

2000-2009 2010-13 Total
5 5 55

3 2 18

0 0 2

0 1 3

5 5 11

5 6 11

1 1 2

3 0 3

The table shows the number of new cancer treatment drugs licensed during each of the time periods and the total currently available
in each therapeutic class. MAb = antibody; MTOR: mechanistic target of rapamycin (serine/threonine kinase); TKI: tyrosine kinase inhibitor.

o Adjuvant: the preoperative or postoperative
treatment of clinically localised malignancies,
primarily breast cancer and colorectal cancer.

o DPalliative: the treatment of patients with advanced
incurable malignancies, where the main aims of
treatment include prolonging life and reducing
disease-related symptoms.

Before starting a course of SACT, the prescriber and the
patient should both be clear about the aims and realis-
tic expectations of treatment and ideally use consent
forms specific to individual regimens and indications
giving detailed information on the risks and benefits
of treatment.

For patients with curable malignancies or receiv-
ing adjuvant therapy;, it is important to avoid treatment
delays or dose reductions and to maintain the calculated
dose and schedule of the standard treatment protocols.
The importance of this has been shown in the cure rates
for testicular cancer (Toner et al., 2001) and lymphoma
(Lepage et al., 1993) and also in the adjuvant treatment
of breast cancer, where the rate of relapse is higher when
the dose intensity is reduced (Budman et al., 1998).

Generally, the chemotherapy regimens used in
the curable malignancies have significant side effects
including neutropenia and the use of granulocyte col-
ony stimulating factor (G-CSF) is frequently required
to keep treatment on schedule. However because there
is the clear intent of achieving either cure or, in adju-
vant treatment, an increased chance of cure, these side
effects and treatment-related risks and costs are seen as
acceptable temporary issues. In contrast, for patients
having non-curative chemotherapy the benefits of
treatment need to be balanced against quality of life
and dose reductions may be made to ensure that the
patient tolerates the treatment safely.

Cytotoxic chemotherapy

Cytotoxic chemotherapy drugs aim to kill or slow the
growth of tumour cells while being relatively sparing
to normal non-malignant cells. The sensitivity of dif-
ferent tumour types to the actions of cytotoxic drugs
varies widely among the cells of origin and across the
range of drugs. This variation in part reflects native
metabolism of the tumour cell and differing metabolic
pathways, drug handling, abilities to repair DNA and
sensitivity to the induction of apoptosis.

In general tumour cells are more sensitive to cyto-
toxic drugs than their parent cell types and also often
more sensitive than the usually dose limiting cells of
the bone marrow. Whilst chemotherapy treatment
brings routine cures in the rare chemotherapy cur-
able malignancies, for the common malignancies
cure of metastatic disease with chemotherapy is not a
realistic outcome. The ability of chemotherapy treat-
ment to cure patients with these limited numbers of
chemo curable malignancies, listed above, started in
the 1950s and was firmly established by the end of the
1970s. Since then, despite many new classic cytotoxic
drugs being subsequently introduced, this pattern of
chemotherapy curable malignancies has not changed.
Whilst there has been enormous endeavour looking
at the mechanisms of chemotherapy resistance, other
explanations based on the natural genetic processes
occurring in the parent cells of the chemotherapy cur-
able malignancies may offer an alternate perspective
(Masters and Koberle 2003, Savage et al., 2009).

The action of cytotoxic chemotherapy drugs has
traditionally been classified as being either ‘cell-cycle
specific’ or ‘cell-cycle non-specific’ The cycle-specific
drugs, (such as the anti-metabolites methotrexate,



1: Practical issues in the use of systemic anti-cancer therapy drugs

fluorouracil and gemcitabine) mainly interact with
cells that are actively synthesising DNA in the synthe-
sis (S) phase and so are most effective in tumours with
high mitotic rates and kill more cells when given in
prolonged exposures.

The cell-cycle non-specific drugs interact with cells
in all parts of the cycle and can affect more slowly pro-
liferating tumour cells. These include the alkylating
agents (e.g. cyclophosphamide, bendamustine, ifosfa-
mide) and the anti-tumour antibiotics (e.g. bleomycin,
doxorubicin, epirubicin). These drugs are active in all
phases of the cell cycle, and their effect is more closely
related to the total dose rather than to the duration of
administration.

More modern research suggests that this distinc-
tion is relatively crude and that most drugs affect both
dividing and resting cells. However, it is still quite use-
ful for predicting the side effects of chemotherapy,
because the extended use of cell-cycle specific drugs
can cause more neutropenia and mucosal damage, and
for designing combination regimens.

Combination chemotherapy regimens

Most cytotoxic drugs were originally used as single
agents and were then incorporated into clinical trials
of combination chemotherapy schedules. The com-
bination of drugs with different modes of action and
patterns of toxicity led to major improvements in the
treatment of testicular cancer and lymphoma and made
these tumours routinely curable in the 1970s (Li et al.,
1960, Freireich et al., 1964, DeVita et al., 1970). In the
adjuvant and palliative setting, combination treatments
often also give enhanced results with acceptable toxicity.
The key principles for selecting the chemotherapy
drugs for use in combinations include the following.

o Each drughas activity against the tumour as a
single agent.

o There are no clinically important drug interactions
between the agents.

o Combinations should avoid drugs of the same
class or those with similar modes of action.

o The drugs should have different dose-limiting
toxicities.

For example, BEP (bleomycin, etoposide, cisplatin)

is now the regimen of choice for advanced testicular

cancer. The drugs all have significant activity as single

agents, usually with a short duration of response, and

have different dose-limiting toxicities. By combining

them with their different toxicities, each can be used at

nearly the full single-agent dose, resulting in increased
effectiveness with little extra toxicity. This combination
changed advanced testicular cancer from a diagnosis
with a poor prognosis to one which was routinely cur-
able (Williams et al., 1987).

The treatment of high-grade B-cell NHL is an
example of the benefits of adding an additional mod-
ern drug with a completely different mode of action
to an already effective regimen. After its introduction
in the 1970s the combination of cyclophosphamide,
doxorubicin, vincristine and prednisolone (CHOP)
became standard treatment (McKelvey et al., 1976),
and subsequent trials comparing CHOP with more
complex and toxic regimens showed no greater effect-
iveness (Fisher et al., 1993). In contrast, addition of the
anti-CD20 monoclonal antibody rituximab, with a dif-
ferent mode of action and minimal toxicity, to give the
R-CHOP regimen has led to significant improvement
in cure rates (Sehn et al., 2005).

Chemotherapy scheduling

In some regimens the cytotoxic drugs must be given
in the correct order, for example the combination of
paclitaxel and carboplatin for patients with ovarian
cancer. Carboplatin is a cell-cycle non-specific drug
and is best given as a single bolus dose, infused over
30 minutes, because of the risk of hypersensitivity.
The usual administration cycle is 28 days when used
as a single agent because the myelosuppression nadir
is between 14 and 21 days. Paclitaxel is cell-cycle spe-
cificand so should be given in multiple fractions over a
prolonged period and is now usually given as a 3-hour
infusion (ICON Group, 2002). Its nadir of myelosup-
pression occurs after 10 days, implying a maximum
cycle length of 21 days, and so combining the two
drugs presents a problem deciding what interval there
should be between doses. However, studies have shown
that giving paclitaxel before carboplatin appears to
give some bone marrow protection and 21-day cycles
do not produce unacceptable myelosuppression.
However, recent trials giving paclitaxel weekly in com-
bination with 3-weekly carboplatin, a ‘dose-dense’
schedule, showed greater effectiveness but more tox-
icity (Katsumata et al., 2013).

SACT protocols and guidelines

The introduction of peer-reviewed treatment policies
in the NHS has led to the development of local pro-
tocols for approved SACT regimens, which should be
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familiar to all the health professionals who prescribe,
dispense and administer them. ‘Off-protocol’ regimens
should generally not be prescribed unless there is good
evidence in the research literature.

Electronic prescribing systems for SACT have
reduced the risk of prescribing errors, improved
administration scheduling and provided accur-
ate data on prescribing patterns (Ammenwerth
et al.,2008).

Dose calculation

Body surface area

Ideally, calculating the appropriate dose of a cytotoxic
drug would take into account its pharmacokinetic
properties — how the body delivers the drug to its site of
action and the patient’s metabolism and excretion. The
dose could then be adjusted according to the toxicity
seen in each patient. Although this method of chemo-
therapy drug dosing has been advocated, routine cyto-
toxic chemotherapy doses continue to be calculated
according to the patient’s body surface area (BSA)
(Veal et al., 2003).

There are several formulae for calculating BSA.
The most commonly used is that of DuBois and
DuBois, which dates from 1916 and was based on
data from only eight adults and one child (DuBois and
DuBois, 1916). Other formulae using both electronic
and manual methods (nomograms and slide rules)
are available, and there is generally good correlation
between them.

Dose capping

Whether to dose chemotherapy according to the
patient’s actual weight or their calculated ideal body
weight is controversial (Hall et al., 2013). Using the cal-
culated BSA in large or obese patients may lead to rela-
tive overdosing and a risk of increased toxicity. Placing
an upper limit on the dose has been suggested and
some centres will use 2.2 m? as an upper limit of BSA
for curative and adjuvant treatments and 2.0 m? for pal-
liative treatments. However, when prescribing for tall
but non-obese individuals there is a potential risk of
underdosing if the BSA is capped at 2.2 m* The only
commonly agreed exception is in the use of vincristine,
for which the dose is usually capped at 2 mg. At present
there is no consensus on this, and local policies should
always be checked, especially when treating patients
with chemotherapy-curable tumours.

Area under the curve dosing

Carboplatin is excreted unchanged by the kidneys and
is the only commonly used agent for which the dose
is calculated from the renal function. A formula (the
Calvert equation) has been developed based on renal
function (Calvert et al., 1989) by which the desired
AUC (area under the curve of serum levels against
time) is chosen, and the dose is calculated by the fol-
lowing formula:

Dose (mg) = desired AUC x (GFR mL/min + 25)

GFRis the glomerular filtration rate, which may be cal-
culated by *'Cr-EDTA clearance, using a 24-h urine col-
lection, or from the Cockcroft-Gault equation which
derives it from a measure of serum creatinine, weight,
ageand sex. Itis important to know which value of BSA
is used in routine reporting of GFR and whether the
value relates to the actual body size or to a standardised
1.73 m? BSA.

Body weight dosing

Body weight alone is not sufficent for calculating doses
of most cytotoxic drugs except for some of the newer
drugs, such as trastuzumab.

Flat dosing

Bleomycin is the only commonly used cytotoxic drug
for which a fixed dose is used routinely. In the BEP regi-
men a fixed dose of 30,000 units on days 1, 8 and 15
is used irrespective of the patient’s size. Also, many of
the new SACT agents, particularly the TKI and MTOR
drugs (see Chapter 2) are generally used at a standard
flat dose irrespective of the patient’s size and age.

Dose reduction

It is important to avoid unnecessary routine dose red-
uctions solely on the basis of transient toxicity, particu-
larly in curative and adjuvant treatments. Most modern
protocols and clinical trial publications give clear advice
on how best to reduce doses either across the regimen or
for individual drugs in response to excess toxicity and
using these can help maintain optimal care.

Elderly patients

Appropriately used chemotherapy can bring similar
benefits in the elderly as in younger patients. However,
the elderly metabolise drugs more slowly and are less
resistant to side effects or complications. Whilst it is
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important that elderly patients have access to SACT
treatments, it is also prudent to consider organ dys-
function carefully when starting treatment, often with
dose adjustments from standard doses when starting.
The emerging subject of geriatric oncology is exploring
this area and many revised protocols for the elderly are
being published.

Pretreatment procedures and
investigations

Informed consent

Printed information on individual drugs or regimens
is usually available and should be used to supple-
ment oral information. The NHS patient ‘information
prescription’ system has large amounts of local and
national information readily available. All patients
should be given a clear explanation of the purpose of
treatment, its possible benefits and risks, clear advice
about watching out for possible neutropenic fever and
other serious toxicities and what to do if they occur.
The advice must include essential 24-hour contact tele-
phone numbers at the hospital, which must also be sent
to the patient’s GP.

Cardiotoxic drugs

Patients treated with cardiotoxic drugs such as anthra-
cyclines and trastuzumab should have a pretreatment
cardiac assessment, such as a multi-gated acquisition
(MUGA) scan. Thisisespeciallyimportantifthe patient
is elderly or has a history of cardiac disease, previous
anthracycline exposure or mediastinal radiotherapy.
Repeat monitoring should be performed according to
the specific regimen protocol. Care should be taken to
avoid exceeding the recommended total lifetime doses
of anthracyclines, particularly when different courses
of chemotherapy are given over long periods of time or
at different hospitals.

Renal function

A number of drugs including methotrexate and car-
boplatin are excreted by the kidney and an assessment
of renal function by *'Cr-EDTA clearance should be
done before starting treatment. The renal function
may change during treatment, particularly when using
anephrotoxic drug such as cisplatin, and repeat meas-
urements of renal function by *Cr-EDTA or calcu-
lated values are important to avoid toxicity. If there is

significant decline in GFR below 50-60 mL/min, car-
boplatin at an AUC of 4-5 replaces cisplatin in many
regimens. Information on the appropriate dose reduc-
tion in renal impairment will be found in most proto-
cols or national guidelines.

Hepatic function

The majority of SACT drugs are wholly or partly metab-
olised in the liver. The capacity of the liver to handle
the drugs is large and the need for dose reduction is
relatively uncommon. However, some drugs, including
doxorubicin, do need dose reductions in the presence
of hepatic impairment, and liver function tests, biliru-
bin, transaminases and alkaline phosphatase should
be reviewed before treatment. Increase in the alkaline
phosphatase, alone or accompanied by slight increases
in transaminases, does not usually require dose reduc-
tion. However, the dose of drugs metabolised in the
liver should be reduced if bilirubin is raised, particu-
larly if accompanied by increases in transaminases.
The dose of irinotecan, which is excreted in the bile, has
to be reduced if the serum bilirubin level is raised. The
treatment protocols in most units include advice on
appropriate dose reductions. Other sources of advice
include the websites of the British Columbia Cancer
Agency and the London Cancer Alliance (http://www.
becancer.bc.ca/ and http://www.londoncanceralliance.
nhs.uk/, accessed January 2015).

Baseline assessments of tumour

A baseline and regular objective measurements of
response are required to assess whether the patient
is benefiting from SACT treatment, except for those
having adjuvant treatment. This may be by direct
physical measurement of visible or palpable tumour,
radiological examination, biochemical tests or meas-
urement of tumour markers. When the main aim is
symptom control, the patient’s symptoms should be
monitored carefully and balanced against the treat-
ment toxicity.

Central venous access

Patients who have chemotherapy through ambulatory
infusion devices must have central venous access, using
a Hickman® or PICC line. Patients with poor veins or
those who are to receive multi-day infusions may also
need central lines early in their treatment. Although
many patients do not have any problems with these
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lines, up to 11% develop line-related thromboses
and 19% line infections. Patients should therefore be
monitored regularly for these problems (Minassian
et al., 2000) and the use of subcutaneous ports in place
of external catheters should be considered (Estes
etal.,2003).

Height and weight

To calculate BSA, height and weight measurements are
needed. The patient’s body weight should be measured
before each new course of chemotherapy, and again if
there is reason to suspect that it has altered by more
than 5%. If the dose is calculated on the body weight
alone, small changes in weight will have a greater
impact on the dose and the patient’s weight should be
checked regularly; for example, every three months, or
if the body weight is thought to have changed by more
than 5%.

Checks before each SACT cycle

Full blood count

The patient’s full blood count should be taken on the
day of treatment or the day before. A finding of sig-
nificant neutropenia or thrombocytopenia will mean
a treatment delay. Patients who are anaemic rarely
require a delay in chemotherapy (see below). Patients
who are admitted with neutropenic fever or who
have had more than one delay in treatment during
a course of chemotherapy will require a dose reduc-
tion if receiving palliative treatment or support with
growth factors if they are receiving curative or adju-
vant treatment.

Biochemical, renal, liver and bone profile

A full biochemical profile is required before treatment
to ensure that there has been no significant change
in renal or hepatic function. If there is deteriorating
renal or hepatic function, some drugs may need dose
reduction or to be changed to an alternative, accord-
ing to the local protocols. Some patients who experi-
ence disease-related hepatic or renal impairment may
no longer need a dose reduction if these improve with
treatment.

Some drugs have individual specific toxic effects
that require additional monitoring. For example, cis-
platin treatment frequently increases the renal excre-
tion of potassium and magnesium and in addition to
supplements in the i.v. hydration regimen additional

oral supplements may be needed. Some of the newer
SACT agents have novel side effects including hypo-
thyroidism that may need specific monitoring.

Tumour markers

In malignancies with circulating tumour markers,
measuring them can be a rapid, simple way of moni-
toring the response to treatment. Tumour mark-
ers are most useful in gestational choriocarcinoma,
in which human chorionic gonadotrophin (hCG)
is produced by all tumours (Sita-Lumsden et al.,
2012). In advanced testicular cancers, approximately
60% of tumours make one or both of hCG and alpha
feto-protein (AFP). These can be used to monitor
response or to prompt a change to second-line ther-
apy when the rate of fall is inappropriately slow (Toner
et al.,, 1990). Other tumour markers which can be
used for monitoring include CA125 in ovarian cancer,
CA15-3 in breast cancer, CA19-9 in pancreatic cancer,
carcino-embryonic antigen (CEA) in lower GI malig-
nancies and prostate-specific antigen (PSA) in meta-
static prostate cancer.

Major toxicities and their
management

Thissectionlooks at practical issues in managing SACT
toxicities. The main toxicities of individual cytotoxic
chemotherapy drugs are summarised in the Appendix
(seep.7).

Myelosuppression

Primary and secondary prophylaxis

If a patient receiving palliative chemotherapy is
admitted with neutropenic fever or has persistently
low neutrophil counts without fever the dose of the
next course should be reduced. However, patients
receiving curative (including adjuvant) treatment
should receive granulocyte colony stimulating fac-
tor (G-CSF) as secondary prophylaxis. For patients
on very myelosuppressive regimens the ASH/ASCO
guidelines recommend the use of G-CSF from cycle
1 for regimens with a greater than 20% risk of neu-
tropenic sepsis in the first cycle (Smith et al., 2006),
as primary prophylaxis, although this is not widely
accepted UK practice.

There are some practical problems with the tim-
ing and administration of growth factors which can be
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Appendix Cancer treatment drugs and their major toxicities

Drug/class
Alkylating agents
Bendamustine
Cyclophosphamide
Dacarbazine
[fosfamide

Lomustine

Anthracyclines
Doxorubicin

Epirubicin
Liposomal
doxorubicin

Mitomycin

Mitozantrone
Anti-metabolites
Capecitabine

Fludarabine
Fluorouracil

Gemcitabine

Methotrexate

Pemetrexed

Myelosuppression
(O/+/++/+++)

++

+++
++

+++
Delayed
myelosuppression

+++

+++
+++

+++
Delayed
myelosuppression

+++

+++

+++

Vinca alkaloids and etoposide

Vincristine

Vinblastine

Minimal

Emetogenic risk
(0-5)

Other major toxicities

Hypersensitivity
Haemorrhagic cystitis
Hepatotoxic
Haemorrhagic cystitis
Encephalopathy

Pulmonary

Renal

Cardiotoxic
Alopecia
As above

PPE
Cardiotoxic

Renal

Cardiotoxic

PPE

Diarrhoea
Diarrhoea

Influenza-like reactions
after infusion

Mucositis and renal
toxicity in high dose

Mucositis and hepatic
toxicity

Neurotoxic

Neurotoxic

Notes

May need mesna
Vesicant

Needs mesna routinely
to prevent haemorrhagic
cystitis

Capsules 40 mg

Vesicant, give by bolus
injection or centrally

As above
Exfoliant

Vesicant

Exfoliant

Tablets 500 mg, 300 mg
and 150 mg

Consider PCP prophylaxis
PPE with long infusion

Note drug interactions.
Avoid in patients with
pleural effusions or
ascites

Toxicity reduced
with folate and B12
supplement

Must be given by
intravenous injection
only. Vesicant. Max.
dose 2 mg

Must be given by
intravenous injection
only. Vesicant. Max. dose
usually 10 mg
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Appendix (cont)

Drug/class

Vinorelbine

Vinflunine
Etoposide

Platinums

Cisplatin

Carboplatin

Oxaliplatin

Taxanes
Cabazitaxel

Paclitaxel

Docetaxel

Myelosuppression
(O/+/++/+++)

+

+++
++

++
Especially platelets

++

++

++

+++

Topoisomerase 1 inhibitors

[rinotecan

Topotecan
Other cytotoxics
Bleomycin

Eribulin

Procarbazine

Trabectedin

++

+++

No

++

+++

Emetogenicrisk
(0-5)

1

Other major toxicities

Neurotoxic

Constipation
Alopecia.

Nephrotoxic
Neurotoxic

Less nephrotoxic than
cisplatin

Neurotoxic

Hypersensitivity
Diarrhoea

Alopecia
Neurotoxic

Alopecia

Diarrhoea
Cholinergic syndrome

Alopecia

Pulmonary

Skin

Alopecia, fatigue,
neuropathy

Hepatic toxicity

Notes

Oral form (capsules)
orintravenous
injection only.
Vesicant. Max. i.v.
dose 60 mg

Oral form (large capsules)
twice i.v. dose

Exfoliant. Check renal
function carefully; good
pre- and post-hydration
essential

Hypersensitivity reactions
common

Exfoliant. Hypersensitivity
reactions

Premedicate prior to
infusion

Vesicant. Hypersensitivity
reactions — needs
premedication

Vesicant. Hypersensitivity
reactions — needs
premedication

May need atropine

Exfoliant

Weak MAQI; avoid
alcohol

Pretreatment
dexamethasone must
be given

MAOI, monoamine oxidase inhibitor; PCP, pneumocystis pneumonia; PPE, palmar—plantar erythrodysaesthesia.
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overcome with the use of pegylated G-CSF (Neulasta®),
needing only a single administration, generally
24 hours after chemotherapy. Studies have shown
Neulasta® to be more successful in preventing neu-
tropenic sepsis and better tolerated than daily G-CSF.
Although Neulasta® is currently more expensive than
daily G-CSF, it may be more cost-effective overall.

Prophylactic antibiotics

The results of the significant trial showed that patients
given a prophylactic quinolone antibiotic had fewer
admissions for neutropenic fever (Cullen et al., 2005)
and so these are now often incorporated into some
chemotherapy protocols. Regimens that cause pro-
longed myelosuppression, particularly lymphoma
regimens with long-term steroid administration, also
often include co-trimoxazole to reduce the risk of
Pneumocystis carinii infection.

Anaemia

Many cytotoxic drugs, particularly cisplatin, cause
a gradual reduction in haemoglobin levels over the
course of treatment. This usually does not lead to dose
reductions or delays in treatment, but can significantly
affect the patient’s quality of life, and an elective blood
transfusion may be appropriate. In some patients,
erythropoietin may be a reasonable option, but has
side effects such as nausea, pyrexia, headache, arthral-
gia and an increased risk of thrombosis.

Nausea and vomiting

The problems of chemotherapy-associated nausea
and vomiting are much less since the introduction
of the 5-HT3 antagonist drugs such as ondansetron
and granisetron. It is now very unusual for patients to
require hospital admission for control of vomiting. So,
although many new cancer patients will expect nausea
and vomiting to be a major problem, they can be reas-
sured that, with appropriate use of anti-emetics, this is
now very unlikely.

Anticipatory nausea and vomiting

Anticipatory nausea and vomiting occur before and
during administration of chemotherapy, and are
mainly due to the psychological effects associated with
previous treatment and poor control of emesis. The
problem can be managed by offering lorazepam 0.5-1
mg sublingually or orally immediately before chemo-
therapy and/or on the previous evening.

Acute nausea and vomiting

Acute nauseaand vomiting are defined as occurring up
to 24 hours after chemotherapy administration. The
drugs used in prevention depend on the emetogenic
potential of the regimen, and they are used in a step-
wise fashion (Herrstedt et al., 2005). All chemother-
apy units will have guidance on which anti-emetics to
use with each chemotherapy drug or regimen. Oral
metoclopramide or domperidone are usually recom-
mended for drugs of low emetogenic potential, such
as bleomycin, vindesine or gemcitabine. However, the
majority of drugs and regimens require more power-
ful anti-emetics, generally a 5-HT3 antagonist such
as ondansetron and granisetron, and dexametha-
sone, on the day of treatment and for one to two days
afterwards.

Some new anti-emetic drugs have been devel-
oped and licensed recently, including aprepitant, a
neurokinin-1 receptor antagonist, useful in patients
with poorly controlled emesis, and palonosetron, a
long-acting 5-HT3 antagonist and the dissolving film
form of ondansetron, which is easier for patients to take.

Delayed nausea and vomiting

Theincidence of delayed nausea and vomiting is higher
when there is poor control during the acute phase. The
5-HT3 antagonists are generally ineffective in con-
trolling delayed nausea and vomiting, and metoclo-
pramide is usually added to anti-emetic regimens.
Cyclizine may be used during prolonged oral regimens
if metoclopramide is ineffective in controlling delayed
nausea and vomiting.

Cardiotoxicity

Cumulative cardiac toxicity is a problem associated with
anthracyclines, and treatment should remain within the
standard guidelines for the total lifetime dose - 450 mg/
m? for doxorubicin. Cardiac function should be moni-
tored more closely in patients with pre-existing cardiac
problems and in patients who have received previous
treatment with anthracyclines or mediastinal radio-
therapy. A number of other drugs can also occasionally
cause cardiotoxicity: fluorouracil may cause cardiac
ischaemia and arrhythmias and cisplatin can occasion-
ally cause vasospasm and angina or, rarely, stroke.

Renal toxicity

Although renal function is monitored before each
chemotherapy cycle in most regimens, particular
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attention is needed for drugs that are either renally
toxic in themselves or are excreted by the kidneys.
Renal toxicity is most often caused by cisplatin.
Appropriate treatment modifications should be made
if there is a significant rise in the serum creatinine
while on therapy, pending a more accurate assess-
ment of renal function such as a >*Cr-EDTA clearance.
High-dose methotrexate can also cause renal toxicity
and both cyclophosphamide and ifosfamide can cause
both renal toxicity and haemorrhagic cystitis.

Diarrhoea

Diarrhoea can be a dose-limiting toxicity with capecit-
abine and fluorouracil and may also occur as part of
the cholinergic syndrome caused by irinotecan. It is
important to recognise the symptoms early and to start
treatment with fluids, rehydration salts and loperamide.

Palmar—plantar erythrodysaesthesia

(hand-foot syndrome)

Palmar-plantar erythrodysaesthesia (PPE) consists of
swelling, redness, painand, occasionally, blistering on the
palms of the hands and/or the soles of the feet. It isa com-
mon dose-limiting toxicity with capecitabine and liposo-
mal doxorubicin. Patients should be encouraged to use
emollients, but effective prevention is difficult. A dose
delay is usually required for grade 2 or greater PPE.

Alopecia

Alopeciacanbeaverydistressing side effect of chemo-
therapy treatment for some patients. The problem
can be minimised to some extent by the use of scalp
hypothermia in patients receiving bolus injections or
short infusions of doxorubicin, epirubicin and doc-
etaxel. However, many patients do develop significant
alopecia and they need to be aware of this possibility.
Arrangements should be offered for the provision of
wigs and alternatives such as head scarves.

Post-chemotherapy fertility

Chemotherapy can affect the patient’s fertility. The
regimens used in the treatment of testicular cancer,
Hodgkin lymphoma, and high-grade NHL tend to
have a relatively modest impact on fertility, but it is
good practice to offer sperm storage for men undergo-
ing chemotherapy. The situation for women is less sat-
isfactory because techniques for the preservation of

oocytes or ovarian tissue are not yet reliable or widely
used. Embryo storage is time-consuming and may
cause an inappropriate delay in starting treatment.

Surprisingly, the incidence of foetal abnormal-
ities born to patients who have previously completed
chemotherapy appears to be similar to that in the nor-
mal population. Patients should be advised to defer
pregnancy for 12 months after the completion of treat-
ment, but there is little evidence to say whether or not
this is too cautious. In addition to the potential risk
of foetal abnormalities, the risk of relapse needs to be
taken into account when giving patients advice about
the timing of future pregnancies. More detailed infor-
mation on cancer treatment, chemotherapy and fertil-
ity is readily available (Lee et al., 2006).

Phlebitis and extravasation

Phlebitis is a common problem with irritant drugs
such as dacarbazine, the alkylating agents and vinca
alkaloids. These drugs should always be given as bolus
injections through a fast-flowing drip or central line.
Some drugs, especially anthracyclines, are vesicant
and, in the event of extravasation, can cause local tissue
necrosis. The patient may report pain on injection, but
there may not be any obvious local reaction. There are a
number of general and individual drug-specific meas-
ures for the treatment of suspected extravasation and
the problem should be dealt with as an emergency (see
Chapter 8). If extravasation occurs, the drug infusion
should be stopped immediately and the local policy
on management followed, including referral to plastic
surgery if needed. Fortunately, significant extravasa-
tions are rare in modern chemotherapy units, but an
advance awareness of the local extravasation policy
may help urgent care to be delivered more effectively in
the event of an occurrence.

Safe administration of chemotherapy

In the UK, there are national standards for the safe
prescribing, dispensing and administering of chemo-
therapy. The standards, and methods of auditing these,
vary in detail, but every organisation that provides
chemotherapy has the responsibility to maintain pol-
icies and procedures to ensure that these standards are
met. Training, competency and adequate facilities are
the keys to safely prescribing, dispensing and admin-
istering chemotherapy. All healthcare staff involved in
chemotherapy must be aware of their local policies.
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Intrathecal chemotherapy

Sadly there have been a number of fatalities from the
inadvertent administration of vinca alkaloids intra-
thecally. There has been a major NHS initiative to
minimise this risk by both training and regulation of
who can be involved in intrathecal chemotherapy and
also by delivering vinca alkaloids in mini-bags that
cannot be physically linked to an intrathecal needle.
As aresult of these simple changes there have been no
further episodes in the UK since 2001. To maintain
this safety record, the prescription and administration
of intrathecal chemotherapy can be performed only
by specially trained medical staff, and only suitably
trained pharmacists and nurses can take part in their
key roles in this complex procedure. All staff involved
with SACT therapy must be aware of the national rules
and local arrangements for intrathecal chemother-
apy and must refuse to undertake any procedure for
which they have not been trained and appropriately
documented.

Hypersensitivity and anaphylaxis

Some cytotoxic drugs, especially platins, taxanes
and bleomycin and most monoclonal antibodies,
can produce hypersensitivity reactions, ranging
from a ‘flu-like’ syndrome to anaphylactic shock.
Premedication with corticosteroids, antihistamines
and paracetamol is usually recommended and is built
into most electronic prescribing systems. Full resusci-
tation facilities must be available for patients receiv-
ing their first dose of these drugs, and this means
treatment in a hospital setting at a time when staff-
ing levels and skill mix are appropriate to deal with
emergencies. Subsequent doses may be given outside
hospital depending on the risk of future reactions. The
treatment of anaphylaxis should follow local policies
but will include epinephrine (adrenaline) and oxygen
(see Chapter 8).

Cholinergic syndrome

Irinotecan may cause a cholinergic syndrome, charac-
terised by flushing, sweating and diarrhoea. The treat-
ment is with atropine, and premedication with this is
recommended for subsequent cycles. Late-onset diar-
rhoea (more than 24 hours after infusion) may occur,
best treated with loperamide, rehydration and possibly
antibiotics. Patients must be taught to recognise these
symptoms and to take appropriate action.

Oesophageal—pharyngeal syndrome

Oxaliplatin may cause a sensation of dysphagia or
dyspnoea without any evidence of respiratory dis-
tress, laryngospasm or bronchospasm. Although it is
uncommon, it can be very distressing for the patient,
who may confuse this symptom with respiratory or
cardiac arrest. Avoiding cold liquids and food and not
exposing the body to sudden cold will usually prevent
this and patients can be reassured if they are warned
in advance that it is transient. Treatment is symptom-
atic (warm drinks often help) and prolonging infusion
times may reduce the chance of recurrence.

Oral chemotherapy and overcompliance

One of the most frequent causes of serious chemother-
apy toxicity is with oral capecitabine. Patients may not
be aware of or ignore the potentially serious adverse
effects, such as diarrhoea, and continue treatment and
become significantly dehydrated. Careful patient edu-
cation is essential and capecitabine treatment must
not be started until the prescriber is sure that the
patient fully understands how to take the medication,
the use of supportive medication, the circumstances
when treatment should be discontinued, and how to
obtain help.
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Introduction

The management of many cancers has changed as more
biological agents have become available. For some, such
as renal cell cancer and melanoma, in which chemo-
therapy has only limited effectiveness, targeted agents
are now the mainstay of treatment. For others, where
developments in chemotherapy have improved sur-
vival rates but increased toxicity, biological agents pro-
vide additional benefit with manageable toxicity, when
alone or in combination with chemotherapy.

The licensed indications for new drugs are chan-
ging rapidly. A useful resource for up-to-date infor-
mation can be found in the electronic Medicines
Compendium (www.medicines.org.uk/emc, accessed
January 2015). However, although they are licensed,
several of these biological agents are not available for
routine use in the UK.

This chapter is an overview of the biological agents
in current use in the UK, and covers their mode of
action and side effects. Their specific clinical indica-
tions will be described in the individual tumour chap-
ters. This chapter will concentrate on five areas:

o protein kinase inhibitors and small

molecule drugs,
o monoclonal antibodies,
o cytokines,

o haemopoietic colony-stimulating factors, and
e vaccines

Protein kinase inhibitors

Protein kinase inhibitors are predominantly oral
agents, often with different, non-overlapping toxici-
ties from chemotherapy, which allow them to be safely
combined with chemotherapy and radiotherapy or to
be given alone.

Biological treatments in cancer

Amy Quinton and Rachel Jones

The targets for these drugs are the tyrosine and
serine/threonine kinases. These enzymes transfer
phosphate groups from ATP to specific amino acid res-
idues on a protein through phosphorylation. The pro-
tein kinase inhibitors act by binding to the intracellular
kinase region, directly competing with ATP, and thus
preventing autophosphorylation. This in turn blocks
the intracellular signalling cascades involved with the
promotion of tumour growth, invasion, angiogenesis
and resistance to apoptosis. They can be subdivided
into receptor and non-receptor kinases.

The receptor kinase is an integral part of the recep-
tor molecule spanning the cell membrane. Ligand
binding to the receptor activates signalling pathways,
and affects the activity of transcription factors and
DNA synthesis. These include the epidermal growth
factor receptor (EGFR), and the vascular endothelial
growth factor receptor (VEGFR).

Non-receptor kinases are intracellular enzymes,
transmitting regulatory signals when their phosphoryl-
ated form is recognised by SH (SRC homology) domains
on other binding proteins. Although usually cytoplasmic,
theymaybemembrane-bound. Examplesofnon-receptor
serine/threonine kinases include RAF and MTOR.

An overview of these drugs is given in Table 2.1.

Small molecule drugs

A limited number of ‘small molecule’ drugs have been
developed with specific intracellular targets.

Vismodegib

Vismodegib is an inhibitor of the hedgehog signalling
pathway, involved in angiogenesis, as well as cellular
proliferation, survival and differentiation. It binds to
the G-protein-coupled SMO (smoothened) receptor
transmembrane protein, and is licensed for use in basal

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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Table2.1 Anoverview of the currently licensed protein kinase inhibitor drugs, detailing their cellular targets, clinical indications and

major toxicities

Name

Target

Tyrosine kinase inhibitors

Imatinib

Erlotinib

Gefitinib

Afatinib

Lapatinib

Sunitinib

Pazopanib

BCR-ABL
KIT (CD117/SCFR)
PDGFRa
PDGRFB

EGFR (HER1/ERBB1)

EGFR (HER1/ERBB1)

EGFR (HER1/ERBB1)
HER2 (ERBB2)
HER3 (ERBB3)
HER4 (ERBB4)
EGFR (HER1/ERBB1)
HER2 (ERBB2)

VEGFR1

VEGFR2

VEGFR3

PDGFRa

PDGRFB

KIT (CD117/SCFR)
FLT3

VEGFR1

VEGFR2

VEGFR3

PDGFRa

PDGRFB

KIT (CD117/SCFR)

Tumour type/indication

Philadelphia+ CML

Philadelphia+ ALL
Myelodysplastic/proliferative disease
Unresectable/metastatic KIT
mutation+ GIST
Unresectable/metastatic
dermatofibrosarcoma protuberans

Locally advanced/metastatic EGFR
mutation+ (exon 19 deletion/exon 21
(L858R) substitution) adenocarcinoma
of lung

Recurrent/progressive NSCLC
Unresectable/advanced/metastatic
pancreatic cancer

Locally advanced/metastatic EGFR
mutation+ (exon 19 deletion/exon 21
(L858R) substitution) adenocarcinoma
of lung

Locally advanced/metastatic EGFR
mutation+ (exon 19 deletion/exon 21
(L858R) substitution) NSCLC

HER2+ metastatic breast cancer

Advanced/metastatic renal cell
carcinoma

Pancreatic neuroendocrine carcinoma

Advanced/metastatic renal cell
carcinoma
Soft tissue sarcoma

Toxicities

Myelosuppression
Rash

Diarrhoea
Arthralgia
Myalgia

Oedema

Visual disturbance

Acneiform rash
Paronychia

Hair changes
Diarrhoea

Stomatitis

Interstitial lung disease

As erlotinib
Liver dysfunction

Acneiform rash
Paronychia
Diarrhoea
Stomatitis

Rash

Diarrhoea

Stomatitis

Liver dysfunction
Congestive cardiac failure
Interstitial lung disease
Myelosuppression

Rash

Skin/hair depigmentation
PPE

Diarrhoea

Stomatitis

Hypertension
Haemorrhage

Venous thromboembolism
Hypothyroidism

As sunitinib

Liver dysfunction
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Table 2.1 (cont)

Name
Axitinib

Target
VEGFR1

VEGFR2
VEGFR3

Vandetanib VEGFR2

EGFR (HER1/ERBBT)

RET

Crizotinib ALK
MET (HGFR)
MSTR1 (RON)

Serine/threonine kinase inhibitors

Vemurafenib BRAF
Dabrafenib BRAF
Everolimus MTOR

Tumour type/indication

Advanced/metastatic renal cell
carcinoma

Aggressive, symptomatic unresectable/
metastatic medullary thyroid cancer

ALK mutation+ advanced NSCLC

BRAF mutation+ unresectable/
metastatic melanoma

BRAF mutation+ unresectable/
metastatic melanoma intolerant of
vemurafenib

Advanced/metastatic renal cell
carcinoma

ER/PgR+ HER2-advanced/metastatic
breast cancer

Progressive unresectable/metastatic
well-/moderately differentiated
neuroendocrine pancreatic cancer

Toxicities

PPE

Diarrhoea
Gastrointestinal perforation
Hypertension
Haemorrhage

Arterial and venous
thromboembolism
Posterior reversible
leukoencephalopathy
syndrome

Dysphonia
Myelosuppression
Rash

Diarrhoea
Hypertension
Prolonged QT/torsades de
Pointes

Posterior reversible
leukoencephalopathy
syndrome

Visual disturbance
Peripheral oedema
Diarrhoea

Stomatitis

Rash

PPE

Photosensitivity
Squamous cell carcinoma
Alopecia

Diarrhoea

Arthralgia

Rash

PPE

Hyperkeratosis
Alopecia

Diarrhoea

Cough

Arthralgia

Myalgia
Myelosuppression
Rash

Diarrhoea

Stomatitis
Hyperglycaemia
Electrolyte disturbance
Interstitial lung disease
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Table2.1 (cont)

Name Target Tumour type/indication Toxicities
Temsirolimus MTOR Advanced/metastatic renal cell Myelosuppression
VEGF synthesis carcinoma Rash
Relapsed/refractory mantle cell Diarrhoea
lymphoma Stomatitis
Hyperglycaemia

Electrolyte disturbance
Interstitial lung disease

Multi-kinase inhibitors

Sorafenib VEGFR2 Advanced/metastatic renal cell Palmar/plantar

VEGFR3 carcinoma erythrodysaesthesia

PDGFRB Unresectable/advanced /metastatc syndrome

KIT (CD117/SCFR) hepatocellular carcinoma Impaired wound healing

FLT3 Diarrhoea

BRAF Stomatitis

RAF1 (CRAF) Liver dysfunction
Hypertension
Haemorrhage
Cardiacischaemia
Dysphonia
Arthralgia

Regorafenib VEGFR2 Unresectable GISTs Rash

VEGFR3 Metastatic colorectal cancer Palmar/plantar

PDGFRB erythrodysaesthesia

FGFR syndrome

KIT (CD117/SCFR) Impaired wound healing

FLT3 Diarrhoea

BRAF Gastrointestinal perforation

RAF1RETTEK (TIE2) Liver dysfunction
Hypertension
Haemorrhage
Cardiac ischaemia
Dysphonia

Posterior reversible
leukoencephalopathy
syndrome

ABL, ABL proto-oncogene, non-receptor tyrosine kinase; ALK, anaplastic lymphoma receptor tyrosine kinase; ALL, acute lymphoblastic
leukaemia; BCR, breakpoint cluster region; BRAF, B-Raf proto-oncogene, serine/threonine kinase; CD, cluster of differentiation;

CML, chronic myelogenous leukaemia; CRAF, G-Raf proto-oncogene, serine/threonine kinase; EGFR, epidermal growth factor receptor;
ER, oestrogen receptor; ERBB1, epidermal growth factor receptor; FGFR, fibroblast growth factor receptor; FLT3, fms-related tyrosine
kinase 3; GIST, gastrointestinal stromal tumour; HER, human epidermal growth factor receptor; HGFR, hepatocyte growth factor
receptor; KIT, kitten”. derived from v-kit Hardy—Zuckerman 4 feline sarcoma viral oncogene homolog; MET, MET proto-oncogene,
receptor tyrosine kinase; MSTR1, macrophage stimulating 1 receptor (c-met-related tyrosine kinase); MTOR, mechanistic target of
rapamycin (serine/threonine kinase); NSCLC, non-small-cell lung cancer; PDGFR, platelet-derived growth factor receptor;

PgR, progesterone receptor; PPE, palmar-plantar erythrodysaesthesia; QT, QT interval; RAF1, Raf-1 proto-oncogene, serine/threonine
kinase; RET, ret proto-oncogene; RON, Recepteur d'Origine Nantais; SCFR, mast/stem cell growth factor receptor; TEK, TEK tyrosine
kinase, endothelial; TIE2, tunica interna endothelial cell kinase; VEGF(R), vascular endothelial growth factor (receptor).
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Table 2.2 Nomenclature of monoclonal antibodies

Type Origin Nomenclature
Murine Mouse ~omab’
Chimeric 65-90% human ‘-ximab’
murine variable
regions
Humanised 95% human ~zumab’
5% murine
hypervariable
region
Human Human “umab’

Adapted from Wick (2004).

cell carcinoma which is otherwise untreatable or has
metastasised.

Aflibercept

Aflibercept is a recombinant fusion protein, made up
of the VEGF-binding portions found on the extra-
cellular domains of human VEGF receptors 1 and 2,
fused to the Fc portion of IgGl. It acts as a soluble
decoy receptor, binding VEGF with higher affinity
than the native receptors, blocking receptor-mediated
intracellular signalling. It is licensed for use in meta-
static colorectal cancer that has progressed following
an oxaliplatin-based chemotherapy regimen.

Monoclonal antibodies

Monoclonal antibodies (MAbs) are identical anti-
bodies, produced in culture by cloning hybridised B
cells (‘hybridomas’) that have been selected to target
a specific antigenic epitope. All therapeutic MAbs
are derived from B cells, and are immunoglobulins
of isotype IgG. Hybridomas are typically splenic cells
from inoculated mice fused with myeloma cells. Early
attempts at using MAbs were limited by the strong
immune responses evoked by the resulting murine
antibodies. Advances in genetic engineering have
provided increasingly humanised antibodies and
better-tolerated preparations.

Nomenclature and classification

The MAbs are named according to the origin of their
components (see Table 2.2).

Structurally, all antibodies consist of four polypep-
tides: two heavy chains and two light chains, which

are joined together by disulphide bonds to form a Y’
shape. Each chain has a variable amino acid sequence
at its tip, which is the antigen binding site. The con-
stant region (Fc) determines the mechanism that
destroys the antigen, and is used to classify antibodies
asIgA, IgD, IgE, IgM or IgG. As the therapeutic MAbs
are derived from B cells, they are of the immunoglobu-
lin isotype IgG.

The following are tumour antigen characteristics
that are ideal for targeting by antibodies (Harris, 2004).

« The antigen should be expressed stably and
homogeneously by tumour cells.

« There should be limited expression of the antigen
in normal tissues.

o There should be minimal or no soluble form of the
antigen (to avoid rapid clearance or extracellular
binding of the antibody).

« The antigen should be present on the cell surface
to allow clear access for the antibody.

MAbs act through a direct effect on tumour cells by
activating either complement-mediated or antibody-
dependent cell-mediated cytotoxicity, as well as
through inhibition of signalling cascades involved in
cellular proliferation and angiogenesis.

There are several antibodies routinely used as sys-
temic therapy in the management of malignancy as
single agents or in combination with chemotherapy
(Table 2.3).

Monoclonal antibodies are also being used as
vectors for radioactive isotopes. Ibritumomab is a
CD20-specific recombinant murine IgG1 monoclonal
antibody, which is radiolabelled with yttrium-90 and is
licensed for the treatment of follicular lymphoma.

Cytokines

Cytokines are proteins which bind to specific
effector-cell surface receptors and initiate intracellu-
lar signalling cascades that change the functioning of
the effector cell. The cytokines are a complex group of
molecules, and their number is expanding with fur-
ther research. Several classification systems are in use,
based on their presumed function, cell of secretion,
target of action or molecular structure. There are five
recognised major cytokine families:

« Typelcytokines (interleukins),

o TypeII cytokines (interferons),

o the tumour necrosis factor family,
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Table 2.3 Anoverview of the monoclonal antibodies in current clinical use in the UK

Name

Bevacizumab

Cetuximab

Trastuzumab

Rituximab

Brentuximab

Pertuzumab

18

Origin/subclass

Humanised IgG1

Chimeric IgG1

Humanised IgG1

Chimeric IgG1

Chimeric IgG1
Conjugated with

anti-microtubule drug

MMAE

Humanised IgG1

Target
VEGF

EGFR (HER1/ERBB1)

HER2 (ERBB2)

CD20

CD30

HER2 (ERBB2)

Tumour type/
indications

Advanced/metastatic
breast cancer
Metastatic

colorectal cancer
Metastatic/

recurrent NSCLC
Advanced/metastatic
renal cell cancer
Advanced epithelial
ovarian, fallopian
tube and primary
peritoneal cancer
RAS wild-type
metastatic colorectal
cancers

Squamous cell head
and neck cancers

HER2-+ breast cancer
Metastatic

HER2+ gastric/
gastro-oesophageal
junction
adenocarcinoma

Follicular lymphoma
CD20-positive diffuse
large B cell lymphoma
CLL, RA, GPAand
microscopic angiitis
CD30+ Hodgkin
lymphoma
Relapsed/refractory
systemic anaplastic
large cell lymphoma

HER2+ locally
recurrent/metastatic
breast cancer

Toxicities

Leucopenia

Impaired wound healing
Diarrhoea
Gastrointestinal perforation
Hypertension
Haemorrhage
Congestive cardiac failure
Arterial and venous
thromboembolism
Proteinuria

Rash

Diarrhoea

Mucositis

Liver dysfunction

Venous thromboembolism
Interstitial pneumonitis
Electrolyte disturbance
Myelosuppression

Rash

Diarrhoea

Hypertension
Congestive cardiac failure
Arrhythmia

Interstitial lung disease
Myelosuppression

Rash

Alopecia

Bronchitis

Myelosuppression

Stevens Johnson syndrome
Diarrhoea

Hyperglycaemia

Tumour lysis syndrome
Peripheral sensory-motor
and demyelinating
polyneuropathy
Neutropenia

Rash

Diarrhoea

Left ventricular dysfunction
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Table 2.3 (cont)

Name Origin/subclass Target
Panitumumab Fully humanIgG2 EGFR
Ipilimumab Fully human IgG1 CTLA4
Denosumab Fully humanIgG2 TNFSF11 (RANKL)

Tumour type/
indications

RAS wild-type
metastatic colorectal
cancer

Advanced/metastatic
melanoma

Prevention of
skeletal-related
eventsincluding

Toxicities
Rash
Paronychia
Diarrhoea
Stomatitis

Rash

Toxic epidermal necrolysis
Colitis

Gastrointestinal perforation
Hepatitis

Neuritis

Adrenal, thyroid and
pituitary dysfunction
Visual disturbance

Rash

Diarrhoea

Dyspnoea

pathological
fractures, spinal cord
compression and

the requirement

for radiotherapy or
surgery to bones in
adults with bone
metastases from solid
tumours

Osteonecrosis of the jaw

CLL, chronic lymphocytic leukaemia; CTLA4, ytotoxic T-lymphocyte-associated protein 4; EGFR, epidermal growth factor receptor;
ERBBI1, erb-b2 receptor tyrosine kinase 1; GPA, granulomatosis with polyangiitis; HER, human epidermal growth factor receptor; Ig,
immunoglobulin; MMAE, monomethyl auristatin E; NSCLC, non-small-cell lung cancer; RA, rheumatoid arthritis; RANKL, receptor
activator of nuclear factor kappa-B ligand; RAS, rat sarcoma oncogene; VEGF, vascular endothelial growth factor.

o theimmunoglobulin supergene family, and
o the chemokines.

Although over a hundred cytokines have been
identified, only interleukin-2, interferon alpha and
tumour necrosis factor alpha have established roles in
the management of cancer. Their use in cancer ther-
apy is decreasing because of significant toxicity and
the development of better-tolerated and more effective
protein kinase inhibitors.

Interleukin-2 (IL-2)

IL-2 was first identified as a T-cell growth factor in 1976.
It is released by T-helper cells and induces activation of
both T-helper cells and cytotoxic T-cells. I vitro incu-
bation of lymphoid cells with recombinant IL-2 leads

to the generation of lymphokine-activated killer (LAK)
cells, which are able to lyse fresh tumour suspensions.

IL-2 is given by continuous i.v. infusion or subcuta-
neously. It has been used in metastatic renal cancer
(Coppin et al., 2004), but is contraindicated in patients
with a poor WHO performance status (PS), multiple
sites of metastatic disease, and more than 24 months
between initial diagnosis and treatment (Palmer et al.,
1992). It has also been used in metastatic melanoma
(Atkins et al., 2000).

IL-2 is very toxic, causing capillary leak syn-
drome, hypotension, cardiac arrhythmias, pulmonary
oedema, fever and death. Therefore, patients should
be selected carefully and only treated in centres with
experienced clinicians and the facility to provide
haemodynamic support.
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Interferon alpha (IFNa)

Interferons (IFNs) have anti-viral, anti-proliferative
and immunomodulatory effects and are of three
types: alpha («), beta () and gamma (y). Only IFN« is
used as cancer therapy.

Naturally occurring IFN« is produced by many
cells, including T- and B-lymphocytes, fibroblasts,
endothelial cells and osteoblasts. It acts by stimulat-
ing macrophages, natural killer cells and cytotoxic
T-lymphocytes.

IFNa has been used in metastatic renal can-
cer, in melanoma both as adjuvant treatment and
for metastatic disease and in the following haem-
atological malignancies: hairy cell leukaemia,
Philadelphia-positive CML, cutaneous T-cell lymph-
oma and follicular non-Hodgkin lymphoma, as well as
asymptomatic AIDS-related Kaposi’s sarcoma.

Its main toxicities are flu-like symptoms, fatigue,
depression, neutropenia and reversible hepatotoxicity.
Long-term treatment (12-18 months) may be difficult
to tolerate, and is associated with hypothyroidism.

Tumour necrosis factor alpha (TNFa)

TNFa is a cytokine involved in cell signalling of the
acute inflammatory response and is produced by mac-
rophages and a variety of other haemopoietic cells. It
has been used in isolated limb perfusion in combin-
ation with melphalan for unresectable melanoma of
the extremities.

Haemopoietic colony-stimulating
factors

Granulocyte colony-stimulating factor
(G-CSF)

Recombinant G-CSF is available for clinical use in

short- and long-acting (pegylated) forms. It can reduce

the morbidity and mortality of neutropenia, and pre-
vent treatment delays in patients receiving chemother-
apy. Indications are:

o Primary prophylaxis with the first cycle of
chemotherapy (see Chapter 1).

o Secondary prophylaxis in subsequent cycles
following the first episode of febrile neutropenia
(see Chapter 1).

o Therapeutically, to reduce duration of neutropenia
during acute infective episode (see Chapter 6).

o Toallow the delivery of dose-dense chemotherapy
regimens (chemotherapy regimens in which the
cycle length has been reduced).

The aim of dose-dense chemotherapy is to deliver
multiple, reduced-interval treatment cycles, using
G-CSF to support the recovery from myelosuppres-
sion. There is evidence of a survival benefit with this
approach in NHL (Pfreundschuh et al., 2004) and
breast cancer (Citron et al., 2003). However the admin-
istration schedule is not yet standardised, and different
regimens are the subject of clinical trials.

Granulocyte—macrophage
colony-stimulating factor (GM-CSF)

GM-CSF is a growth factor which stimulates the
proliferation and differentiation of haemapoietic
progenitor cells to form neutrophils, monocytes/
macrophages and myeloid-derived dendritic cells,
as well as activating mature granulocytes and mac-
rophages. It is licensed in the US, although not cur-
rently in Europe or the UK, for use in acute myeloid
leukaemia, to mobilise autologous peripheral stem
cells before harvesting for bone marrow transplant-
ation and for myeloid repopulation following stem
cell transplant.

Erythropoietin

Recombinant human erythropoietin, analogous to the
native glycoprotein hormone produced predominantly
by the kidneys which regulates erythrocyte production,
is an alternative to blood transfusion in cancer patients.
It reduces the risks associated with transfusion includ-
ing alloimmunisation, severe complications if mis-
matched blood is given and the transfer of blood-borne
viral infections. Multiple recombinant erythropoietins
are licensed for use in patients receiving chemother-
apy who have symptomatic anaemia with a haemoglo-
bin level less than 100 g/L, including epoetin alfa, beta,
theta and zeta, and the longer-acting hyperglycosylated
darbepoetin alfa. There remain concerns about the
effects of erythropoietin analogues on tumour pro-
gression, and increased cardiovascular risks, especially
thromboembolism.

The National Institute for Health and Care
Excellence (NICE) recommends the use of these
drugs in combination with intravenous iron for
chemotherapy-induced anaemia (NICE, 2014).
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Table 2.4 Examples of tumour-associated antigens that are potential targets for cancer vaccines

Tumour-associated antigen

Alpha feto-protein (aFP)

B catenin

Cancer/testis antigen (CTAG; also called NY-ESO-1)

Carcino-embryonic antigen (CEA)

Caspase 8

Cell division cycle associated 1 (CDCAT1)

DEP domain containing 1 (DEPDC1)

Epidermal growth factor receptor variant Il (EGFRvIII)
Epstein Barr Virus (EBV) antigen

Gangliosides

Human epidermal growth factor receptor 2 (HER2/ERBB2)
Human telomerase reverse transcriptase (hTERT)

IGF IlmRNA binding protein 3 (KOCT)

Kinesin-like protein (KIF20A)

Mammaglobin-A (secretoglobin family 2A member 2,
SCGB2A2)

Melanoma antigen expression family (MAGE)

Melanoma antigen recognised by T-cells 1/Melan A (MART)
M phase phosphoprotein 1 (MPHOSPH1)

Mucin 1 (MUCT)

Oncofetal antigen (OFA)

p16INK4a/human papilloma virus (HPV) antigen

Prostate-specific antigen (PSA)

Prostatic acid phosphatase (PAP)

Renal antigen expression family (RAGE)

Survivin

TTK

Transforming growth factor 8 (TGF-) receptor Il
Upregulated gene in lung cancer 10 (URLC10)
Vascular endothelial growth factor receptor (VEGFR)

Tumour
Hepatocellular
Melanoma

Testis, ovary, glioma, melanoma, ovarian, sarcoma, breast
or non-small-cell lung cancer

Colon, bladder, breast

Head and neck tumours (squamous cell carcinoma)
Brain, gastrointestinal, lung, breast, head and neck
Lung

Glioblastoma

Nasopharyngeal cancers

Melanoma

Breast, ovarian, colon, prostate, pancreas, lung
Breast, pancreas, lung

Lung

Lung

Breast

Melanoma, breast, bladder (normal testicular proteins)
Melanoma

Lung

Breast, pancreatic, lung, renal cell, colorectal, bladder
Breast

HPV-associated cervical, vulvar, vaginal, penile, anal and
head and neck squamous cell carcinomas

Prostate

Prostate

Melanoma, kidney

Melanoma, pancreas, colon, cervix
Lung

Colorectal

Lung

Lung, pancreas

Data collated from Espinoza-Delgado (2002), Janeway et al. (2001) and Rosenberg et al. (2004) and from the National Cancer Institute and
the UK Clinical Research Network (www.cancer.gov/clinicaltrials/ and http://public.ukcrn.org.uk/search/, accessed January 2015).

Vaccines

Vaccination has been investigated as a treatment
option in the prevention and management of cancer.
In cancers where there is a known infectious cause,
vaccination provides a prevention strategy. A major
advance has been the development of two vaccines

against human papilloma virus (HPV), the main cause
of cervical cancer. In the US, vaccination against hepa-
titis B is recommended as prophylaxis against hepato-
cellular cancer.

The aim of vaccination as treatment for an estab-
lished tumour is to stimulate a cellular immune
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response against specific tumour-associated anti-
gens that will lead to the death of the tumour cell. To
achieve this:

« the tumour antigen needs to be recognised on an
antigen-presenting cell (ApC) by interaction with
a cytotoxic T-cell receptor;

« the ApCs need to be co-stimulated through
members of the B7 family and various adhesion
molecules (e.g. ICAM1);

o effector mechanisms need to be generated (e.g.
secretion of cytokines causing tumour cell
destruction);

o immune-suppressive factors produced by the
tumour (e.g. TGF-f) need to be avoided.

Tumour-associated antigens are usually proteins, but
they can also be carbohydrates (e.g. gangliosides) or
glycoproteins. Their expression by cancer cells may dif-
fer from normal cells only in a quantitative manner (i.e.
they are present in significantly greater amounts than
in normal cells). There are a number of tumour-associ-
ated antigens currently being investigated as targets for
vaccination, as shown in Table 2.4.

Antigen vaccines

Viral proteins from cancer-causing viruses may be
used as antigens to prevent infection by the virus.
HPYV virus types 16 and 18 are responsible for about
70% of cervical cancers. Two vaccines have been
developed which use non-infectious virus-like par-
ticles of the major capsid protein L1. Cervarix® pre-
vents infection by HPV types 16 and 18 and shows
some cross-protection against other oncogenic HPV
viruses, such as HPV 31 and 45 (Harper et al., 2006).
Gardasil® prevents infection by HPV 16 and 18, and by
the HPV types6and 11, which are responsible for geni-
tal warts (Ault, 2007). In the UK, Gardasil® is offered
to girls aged 12 and 13, as a regimen of 3 intramuscu-
lar injections over a maximum of 12 months, with the
optimal scheduling being at 0, 1 and 4-6 months. It is
hoped that HPV vaccines will have a major impact on
the incidence of cervical cancer in the future.

Currently, research is focussing on peptides
derived from tumour-associated antigens or ganglio-
sides (which are sialated glycolipid antigens) as poten-
tial vaccines. However, at present, only sipuleucel-T,
which combines a peptide-based vaccine with cellular
immunotherapy, is commercially available (see next
paragraph).

Cellular vaccines

Cellular vaccines can be based on whole cells, tumour
lysates or antigens that have been shed from the sur-
face of tumour cells grown in vitro. Sipuleucel-T is an
intravenously administered vaccine targeted against
the glycoprotein prostatic acid phosphatase (PAP)
antigen which is expressed by most prostate cancers.
It is licensed for the treatment of asymptomatic or
minimally symptomatic castrate-resistant metastatic
(non-visceral) prostate cancer, when chemotherapy
is not clinically indicated. Dendritic cells are potent
antigen-presenting cells, which can be manipulated to
present a tumour-associated antigen, and thus increase
the chances of an immune response. Their use, and that
of a number of other potential vaccines, is currently
restricted to clinical trials.

Vaccines as immune stimulants

Liveattenuated Mycobacterium bovisbacillus Calmette—
Guerlin (BCG) vaccine has been used since the 1980s as
intravesical treatment for superficial transitional cell
cancers of the bladder, either alone or as an adjuvant
after transurethral resection. It is not specifically tar-
geted at tumour antigens, and its exact mechanism of
actionisunclear. Itis thought to evoke strongly cytotoxic
immune responses, involving T-cell and macrophage
induction, and increased expression within the bladder
and in the urine of multiple cytokines including IFNy,
IL-1, IL-2, IL-6, IL-8, IL-12, TNFa and tumour necro-
sis factor apoptosis-inducing ligand (TRAIL), as well as
being a direct suppressor of tumour growth (Lockyer,
2001; Schenk-Braat, 2005; Rosevear et al., 2009).

(linical results

A review of cancer vaccines by the National Cancer
Institute (USA) showed that the objective response
rate in 440 patients with established tumours was only
2.6% (Rosenberg et al., 2004). However, since this pub-
lication, the field of cancer vaccine research has grown
significantly. The expectation is that with increas-
ing understanding of the mechanisms of immune
responses to tumours, targeted therapies (including
vaccines) are likely to play an ever more important role
in cancer prevention and treatment.
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Introduction

Hormonal therapies are some of the oldest active sys-
temic anti-cancer therapies in use today. In 1896,
Beatson demonstrated that surgical oophorectomy
resulted in tumour regression in some premenopausal
women with metastatic breast cancer, and, by doing so,
he was the first to identify a link between ovarian func-
tion and breast cancer (Beatson, 1896).

Substantial evidence now exists thathormones play
akey role in both the cause and the outcome of several
cancers. Although this is most clearly seen in breast
and prostate cancer, other cancers that may exhibit
hormone dependence include endometrial, ovarian
and testicular cancers.

Hormones are classified into two groups:

o non-steroidal hormones including peptides,
polypeptides or derivatives of amino acids,
generally acting via cell-membrane-localised
receptors which trigger second messengers within
the cytoplasm; and

« steroidal hormones, such as oestrogens, androgens
and progestins, bind to intracellular receptors to
mediate their action.

This chapter will focus primarily on steroidalhormones
that are of particular importance in breast and prostate
cancer: oestrogens, progestins and androgens. It should
be read in conjunction with the relevant site-specific
chapters (Chapters 19 and 22). This chapter provides
some background knowledge of the production and
functioning of hormones and their receptors, which
will help in the understanding of commonly used ther-
apies. The aetiology of hormone-related cancers is dis-
cussed in the relevant site-specific chapters.

Steroidal hormones have the potential to activate
oncogenes or inactivate tumour-suppressor genes,

Hormones in cancer

Jacinta Abraham and John Staffurth

producing a sequence of changes within the cell that
ultimately lead to cancer. The continued growth of the
cancer often depends on continuing hormone stimu-
lation and so removing the hormonal stimulus causes
the cancer to regress. Anti-cancer hormone therapies
work in a number of different ways - by affecting hor-
mone synthesis, metabolism or action, or by altering
hormone receptor expression within the cell.

A summary of the major historical landmarks in
anti-cancer hormonal therapy since Beatson’s observa-
tion in 1896 is listed here.

o Large doses of oestrogenic steroids inhibit
gonadotropin secretion in women (Zondek, 1940).

o Surgical orchidectomy results in the regression
of advanced prostate cancer (Huggins and
Hodges, 1941).

o Adrenalectomy results in regression of advanced
breast and prostate cancers (Huggins and
Bergenstal, 1952).

o Prolonged exposure to oestrogens or androgens,
alone or in combination, leads to breast and
prostate cancers in rats (Noble, 1980).

Hormone synthesis
Oestrogen synthesis

In premenopausal women, oestrogens are synthesised
from cholesterol. Oestrogen synthesis takes place
mainly in the granulosa cells of the ovaries; production
is cyclical and is controlled by positive and negative
feedback via the hypothalamic-pituitary-gonadal axis
(see Figure 3.1). Inhibin is a polypeptide which is also
produced by ovarian granulosa cells, and it inhibits
follicle-stimulating hormone (FSH) release by pituit-
ary gonadotrophs.

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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Figure 3.1 The hypothalamic-pituitary—gonadal axis in

the female. ACTH, adrenocorticotrophic hormone; CRH,
corticotropin-releasing hormone; FSH, follicle-stimulating
hormone; GnRH, gonadotropin-releasing hormone; LH, luteinising
hormone.

In postmenopausal women, the main site of oes-
trogen synthesis is the adipose tissue, via the enzyme
aromatase, and production may vary depending on
environmental and genetic factors such as obesity.

In men, 30% of plasma oestrogens originate from
the testis and 70% arise from peripheral aroma-
tisation of androstenedione and testosterone; tes-
tosterone is converted to oestradiol by the enzyme
aromatase. Although only 0.5% of the total daily
production of testosterone is converted, oestradiol
is a much more potent gonadotropin inhibitor than
testosterone.

Androgen synthesis

In men, the main circulating androgen is testosterone,
95% of which is produced by the Leydig cells of the tes-
tis (see Figure 3.2). The remaining circulating andro-
gens, including dihydroxyandrostenedione (DHA),
androstenedione, and DHA sulphate, are produced in
the adrenal cortex from cholesterol. These androgens
diffuse passively into the prostate and are metabolised
to the more biologically active 5a-dihydrotestosterone

Negative

Hypothalamus Feedback

GnRH

CRH

FSH/LH ACTH
Testes Adrenals
Cholesterol Cholesterol
¥ ¥
¥ ¥
Testosterone Androstenedione

/ Prostate /

Testosterone + DHT - Androstenedione

Peripheral fat

| | ——DHT - Androstenedione -

AR activation and nuclear translocation

Figure 3.2 The hypothalamic-pituitary-gonadal axis in the male.
ACTH, adrenocorticotrophic hormone; AR, androgen receptor; CRH,
corticotropin-releasing hormone; DHT, 5a-dihydrotestosterone;
FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing
hormone; LH, luteinising hormone. Testosterone, DHT,
androstenedione and circulating oestrogens contribute to negative
feedback.

(DHT), which binds to the androgen receptor (AR)
with a three- to five-times greater affinity than
testosterone.

Hormone receptors
QOestrogen receptor

There are two oestrogen receptors (ERs) which are

encoded by separate genes:

o oestrogen receptor alpha (ER«) is encoded by a
gene on chromosome 6;

o oestrogen receptor beta (ERf) is encoded on
chromosome 14.

The two receptors have a similar structure, but they
share only 47% amino acid homology.

Not all ER-positive breast cancers respond to hor-
monal treatments, and there is some evidence that
different expression of the two ERs in breast can-
cer cells affects hormone responsiveness and hor-
mone resistance. For example, ER« is often markedly
upregulated in breast cancer and it is the marker
that can best predict responsiveness to hormonal
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treatments. However, ERf3 may modulate the ability
of cells to respond to oestrogen, and its expression
has been implicated in tamoxifen resistance (Miller
et al.,2006).

Oestrogen receptor functioning

To wunderstand how anti-oestrogen treatments
work, it is necessary to be aware of three important
domains on the ER: activating functions 1 and 2 (AF1
and AF2), which carry out the effector functions of
the receptor, and the ligand-binding domain. First,
oestradiol binds to the ER in the nucleus via the lig-
and binding domain on AF2, and this causes dimer-
isation, phosphorylation and a conformational shape
change. This allows the ER to bind to DNA oestro-
gen response elements (EREs), which are upstream
of oestrogen-responsive genes. Second, the tran-
scriptional activity of the genes that contain EREs is
modulated by AF1 and/or AF2. Third, co-regulator
proteins can also influence ER-mediated transcrip-
tion; depending on the ligand, the ER interacts with
either co-repressors or co-activators to inhibit or
enhance its transcriptional activity on target genes
(Milano et al., 2006).

Tamoxifen blocks AF2 when it competes with oes-
tradiol for ER binding, but AF1 remains functional,
which accounts for the oestrogenic activity seen in
some tissues. Aromatase inhibitors block the produc-
tion of oestrogens, and in doing so they effectively pre-
vent the action of both AF1 and AF2.

Oestrogenic effects

The following is a list of the effects of oestrogen.

o Development of female secondary sexual
characteristics.

o Endometrial growth.

« Bone formation in both women and men.

o Procoagulant.

o Reduced low-density lipoprotein (LDL).

Progesterone receptor

There is one gene for the progesterone receptor (PgR),
but it exists as two isoforms, A (PR-A) and B (PR-B),
which have different physiological functions. PgR is
important in mammary gland development, and an
excess production of PR-B is associated with breast can-
cer risk. However, PR-A can repress PR-B and ER and
its expression is related to tamoxifen resistance (Hopp
etal.,2004).

Main actions of progesterone
Progesterone performs the following actions.

o Causes endometrial secretory phase.
o Increases the viscosity of cervical mucus.
o Facilitates mammary gland development.

Receptor status in breast cancer and
response to hormone therapy

At present, it is standard practice to meas-
ure ER and PgR status in breast cancer, but it is
not usual to distinguish between the subtypes.
Approximately 75% of postmenopausal and 50% of
premenopausal women with breast cancer will have
hormone-receptor-positive tumours. Whether the
cancer is sensitive to hormone treatment is related
to the degree of ER and PgR positivity, but receptor
status alone is not the only determinant of hormone
responsiveness.

» ER+/PgR+ disease confers the highest response
rates of up to 70%. The response is less for ER+/
PgR- cancers.

o Incontrast, ER-/PgR- cancers, with current
testing, have a response rate to hormone therapy
of less than 5% and patients with these tumours
are likely to derive a greater benefit from
chemotherapy.

« ER-/PgR+ cancers account for 5% of all breast
cancers and they should be regarded as being
hormone-responsive because they will have
response rates of up to 30%.

o An ER-negative status may be detected in
metastatic or recurrent disease even when the
primary tumour is ER-positive. It is not clear
if this represents a change in ER expression or
a heterogeneous primary tumour in which the
ER-negative component has a survival advantage,
allowing it to metastasise.

Androgen receptor

The AR gene is on the long arm of the X chromosome,
q11-13, and has eight exons. In contrast to breast can-
cer, the measurement of AR in patients with pros-
tate cancer is not performed routinely because both
hormone-dependent and hormone-independent
prostate cancers possess functioning AR; AR status
provides no prognostic or diagnostic value. There is,
however, evidence for the prognostic value of androgen
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receptor expression in subtypes of breast cancer such
as ER-negative or triple negative disease, where loss
of expression of the androgen receptor may predict a
WOrse prognosis.

Androgen receptor functioning

DHT binds to the AR via the ligand-binding domain,
and this binding results in separation from heat
shock protein 90 (HSP-90; a protein that maintains
the AR in an inactive state), dimerisation to form a
DHT-AR complex, phosphorylation and a conform-
ational shape change. The complex is translocated
to the nucleus of prostate cells, allowing DNA bind-
ing of the AR to androgen response elements (AREs)
upstream of androgen-regulated genes. The activity of
genes containing AREs can be modulated by transcrip-
tion factors via the highly variable amino-terminal
domain (ATD).

Androgenic effects
The effects of androgen include the following.

o Virilisation and development of secondary sexual
characteristics.

o Development of prostate and seminal vesicles.

o Increased muscle mass.

o Increased bone density.

o Increased libido and frequency of erection.

Breast cancer treatment: ovarian
function suppression (OFS)

In premenopausal women, the most obvious and
direct way to reduce oestrogen production is to sup-
press ovarian function, by chemical, radiothera-
peutic or surgical treatments. Chemical ablation uses
gonadotropin-releasing hormone (GnRH/LHRH)
agonists such as goserelin, which is currently the treat-
ment of choice, particularly in early breast cancer,
because its effects are reversible. The hormonal effects
of goserelin may be observed by measuring plasma lev-
els of luteinising hormone (LH), FSH, and oestradiol.
In advanced disease, all three techniques are
essentially equivalent and they produce response
rates of 25-30%, with a median response duration of
9-12 months. In early breast cancer, OFS has been
shown to produce a survival benefit equivalent to that
achieved by chemotherapy (EBCTG, 2005). The vari-
ous roles of OFS, endocrine therapy and chemother-
apy in early breast cancer are now the subject of clinical

trials coordinated by the International Breast Cancer
Study Group (IBCSG).

Breast cancer treatment: other
hormone therapies

Table 3.1 summarises some hormonal therapies used
in breast cancer.

Anti-oestrogens

Tamoxifen

Tamoxifen is the most studied and widely used anti-
oestrogen in breast cancer; it has been the mainstay of
endocrine therapy for breast cancer for many years.
Tamoxifen is a selective oestrogen receptor modulator
(SERM) because of its agonist and antagonist activities,
which cause a varied effect on genes, cells, and tissues.

Mode of action of tamoxifen

« SERMs modulate oestrogen activity by binding
to the ER, resulting in a conformational shape
change. This alters the balance of co-activator
and co-repressor complexes and affects the
regulation of activation domain AF2. AF1 remains
active, accounting for the oestrogenic effects of
tamoxifen.

o Impaired transcription of
oestrogen-dependent genes occurs in the
breast.

o Tamoxifen also reduces plasma levels of the
potent cancer mitogen IGF1.

Clinical studies of adjuvant tamoxifen

Five years of postsurgical adjuvant tamoxifen reduces
the annual recurrence rate by 41% and annual mor-
tality rate by 34% in ER-positive early breast cancer
(EBCTCG, 2005). A meta-analysis showed that 5 years
of tamoxifen therapy (EBCTCG, 2011) reduced the
15-year risk of breast cancer recurrence and death.

There is evidence for a reduction in breast cancer
recurrence and mortality by continuing tamoxifen in
ER-positive disease for 10 years rather 5. In the ATLAS
(Adjuvant Tamoxifen: Longer Against Shorter) trial,
continuing rather than stopping tamoxifen reduced
breast cancer recurrences (617 versus 711 recurrences;
p = 0.002), breast cancer mortality (331 versus 397
deaths; p = 0.01) and overall mortality (639 versus 722
deaths; p = 0.01; Davis et al., 2013).
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Table 3.1 Selected hormonal therapies in breast cancer

Drug Type

Tamoxifen Antioestrogen

Anastrazole Non-steroidal aromatase

inhibitor

Letrozole Non-steroidal aromatase
inhibitor

Exemestane Steroidal aromatase inhibitor

Fulvestrant ER antagonist

Megestrol acetate Progestin

Aminoglutethimide First generation aromatase

inhibitor

ER, oestrogen receptor.

Dose/route Mode of action

20 mg daily p.o. Competes with oestradiol
for ER binding

1 mg daily p.o. Competitive aromatase
inhibition

2.5 mg daily p.o. Competitive aromatase
inhibition

25 mg daily p.o. Irreversible aromatase

inhibition
Loading dose 250 mg
2-weekly followed by 250
mg (5 mL) monthly i.m.

Downregulation of the ER
protein

Cellular action not

fully understood;
downregulation of ovarian
steroidogenesis

80-160 mg daily p.o.

Inhibits the aromatase
enzyme; is given with
hydrocortisone to prevent
adrenal insufficiency; rarely
used because of side effects
including rash, dizziness,
nausea and drowsiness

250 mg twice daily p.o.

In the aT'Tom trial, 10 years of tamoxifen was asso-
ciated with a significant 15% reduction in the risk of
recurrence (relative risk [RR] 0.85,95% CI [0.76, 0.95];
p =0.003) and a significant 25% reduction in the risk
of breast cancer mortality starting at year 10 (RR 0.75,
95% CI [0.63, 0.90]; p = 0.007) compared with 5 years
of tamoxifen, in the 6953 women enrolled in the trial
(Gray et al., 2013).

Tamoxifen is beneficial in both pre- and postmeno-
pausal women.

Adverse effects and beneficial effects of tamoxifen

o Increased adverse effects compared to placebo: hot
flushes (64% versus 48%), vaginal discharge (30%
versus 15%), irregular menses (25% versus 19%),
and thrombotic events (1.7% versus 0.4%) (Fisher
etal., 1989).

o Thrombotic events; deep vein thrombosis
and pulmonary embolism. The risk is increased
further when tamoxifen is co-administered
with chemotherapy. Tamoxifen should be

avoided in individuals at increased risk of
thrombosis.
o Anincreased risk of endometrial changes,
including hyperplasia and polyps, caused
by oestrogen agonist effects, and a small but
statistically significant increase in endometrial
cancer. Women on tamoxifen with abnormal
vaginal bleeding should be investigated promptly.
o Beneficial effects of the weak agonist effect of
tamoxifen are a reduction in cholesterol levels,
decreased cardiac morbidity and increased bone
mineral density in postmenopausal women.

Fulvestrant

Fulvestrantisan ER antagonist that competitively binds
and downregulates the ER protein; no oestrogen agon-
ist effect has been demonstrated. It is licensed for use
in postmenopausal hormone-positive advanced breast
cancer that has progressed following anti-oestrogen
therapy. Side effects include gastrointestinal symp-
toms, headache, back pain, hot flushes and pharyngitis.
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Table 3.2 Summary of main studies of early breast cancer that compare Als with tamoxifen; updated results

Trial
ATAC

BIG-98

IES

MA.17

Study design

Upfront anastrazole
vs tamoxifen

for 5 yearsorin
combination
(included ER
unknown and
negative)

Letrozole (L) vs
tamoxifen (T);
SyearsTor5years L
or2yearsT, 3 years
Lor2yearslL,
3yearsT

Tamoxifen for
5yearsvs 2-3 years
tamoxifen and
switch to 2-3 years
exemestane

Tamoxifen for
5 years followed by
letrozole for 5 years
or placebo for

Patients (n)
9366

8010

4742

Median FU DFS Other

120 months Improved for No benefit for
anastrazole combination arm;
(HR0.91,95% benefit greaterin
C10.83-0.99, receptor-positive
p=0.04) patients

76 months Improved for Results account
letrozole (HR0.88,  for 25% of patients
95% C10.78-0.99,  crossing over from
p=0.03) tamoxifen to letrozole

after unblinding

91 months Improved for Overall survival
exemestane benefitin the ER+
(HR0.81,95%Cl group for switching
0.71-0.92, to exemestane: HR
p=0.001) 0.86,95% C10.75-0.99,

p=0.04

64 months Improved for Overall survival
letrozole (HR0.52,  benefit with letrozole
95%Cl0.45-0.61,  compared to placebo
p <0.001) adjusting for crossover

5years

effect: HR 0.61,95% Cl
045-0.61,p < 0.001

Cl, confidence interval; DFS, disease-free survival; ER, oestrogen receptor; FU, follow-up; HR, hazard ratio. Adapted from Bliss et al,, 2012;

Cuzick et al, 2010; Jin et al., 2012; Joerger et al., 2009.

Aromatase inhibitors (Als)

Types

The first-generation Als include aminoglutethim-
ide. It has significant side effects and has been largely
superseded by third-generation Als which are better
tolerated.

Als are either type 1 steroidal inhibitors, which
irreversibly inactivate aromatase (e.g. exemestane
and formestane), or type 2 non-steroidal competitive
inhibitors such as anastrozole and letrozole.

Mode of action

Als inhibit or inactivate the p450 enzyme aromatase,
and significantly reduce serum oestradiol. They are
contraindicated in premenopausal women because
ovarian suppression would lead to feedback on the

hypothalamic-pituitary-gonadal axis, resulting in
gonadal stimulation. When Als are indicated in these
patients, the Als should be given only after suppression
of ovarian function.

Use in early postmenopausal breast cancer

Several studies of early breast cancer have shown that
Als are safe and effective and increase disease-free
survival when compared with tamoxifen. These stud-
ies have helped redefine the optimal hormonal strat-
egy for breast cancer patients as shown in Table 3.2.
A greater understanding of primary resistance to
tamoxifen (in particular, being able to predict who
is going to have tamoxifen-resistant disease) and
longer-term follow-up data may help identify the
subgroups that might benefit most from initial or
subsequent Als.
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Use in premenopausal breast cancer

Als are contraindicated in premenopausal women
unless they are undergoing OFS. In early premeno-
pausal breast cancer, the role of concurrent use of OFS
and Al is the subject of ongoing clinical trials coordi-
nated by Breast International Group (BIG)/IBCSG.
In advanced disease, there is clearly a role for OFS
and AI use in women who have advanced disease and
receptor-positive tumours and who have progressed
on tamoxifen.

Als alone should be used with caution in premeno-
pausal women who have become amenorrhoeic after
chemotherapy. Als may promote recovery of ovarian
function in some of these women, even up to the age
of 50 and after many months of amenorrhoea (Smith
et al., 2006). It is suggested that serial measurements
of oestradiol, LH and FSH levels should be performed,
but these measurements require validated, sensitive
immunoassays which are not available in all centres.

Adverse effects of aromatase inhibitors

The comparative studies of Als and tamoxifen have pro-
vided excellent toxicity data. Tamoxifen is associated
more with thromboembolic events, vaginal discharge
and endometrial hyperplasia or cancers, whereas the
Als are linked more with osteoporosis, fractures and
arthralgia.

Als are associated with an increased risk of mus-
culoskeletal events, including arthralgia, fractures and
reduced bone mineral density (BMD). The clinical
relevance of this reduction in BMD and how it should
be monitored while the patient receives an Al are
unclear. The ATAC bone substudy showed that women
who had normal BMD at the outset and were treated
with an AI did not become osteopenic or osteoporotic
after 5 years (Howell et al., 2005). Those with a reduced
BMD at the start were more at risk of developing a
further reduction. Individuals who are at a high risk
of osteoporosis (see list that follows) should be moni-
tored and given strong advice on diet and lifestyle (i.e.
high-calcium diet and smoking cessation). The role of
bisphosphonates in early breast cancer patients at risk
of osteoporosis is a subject of current clinical trials.

Risk factors for osteoporosis include the following:
o Radiographic evidence of osteopenia and/or

vertebral deformity.

o Loss of height, thoracic kyphosis.
o Previous fragility fracture.
o Prolonged corticosteroid use.

o Premature menopause (< 45 years).

o Prolonged secondary amenorrhoea (> 1 year).

o Primary hypogonadism.

o Maternal history of osteoporosis.

o Lowbody mass index (< 19 kg/m?).

The rate of thrombotic events is reduced when using
Als rather than tamoxifen. The rates of hot flushes are
similar.

Progestins

The two most widely used progestins are megestrol
acetate and medroxyprogesterone acetate. These com-
pounds are thought to act directly via the PgR, but they
alsohaveanindirectactiononthe ER. Their biochemical
effects are complex and not well understood. Progestins
decrease the circulating levels of gonadotropins, inter-
fere with steroid synthesis, and exhibit glucocorticoid
activity, which can lead to corticosteroidal side effects
and adrenocorticotrophic hormone suppression.

The optimal progestin dose is controversial. High
doses have been used in premenopausal women, but
this is also associated with increased side effects. The
several side effects seen with their use include weight
gain, fluid retention, breast tenderness, nausea and
hypertension.

Breast cancer treatment: mechanisms
of resistance

Hormone-positive tumours may show resistance to
endocrine therapy, either at first exposure (de novo)
or after a period of time (acquired). Understanding
the mechanisms of resistance will help to predict
the likely response to specific treatments and will
help in the development of new agents targeted at
endocrine-resistant pathways at the molecular level.

Nearly all patients with advanced breast cancer
who initially respond to hormone therapy will ultim-
ately become hormone-refractory. The development
of resistance to tamoxifen does not necessarily predict
resistance to an Al; patients initially responding to
tamoxifen have a 50% response rate to Als.

De novo resistance

A strongly ER-positive tumour is likely to respond bet-
ter to tamoxifen than one with a weakly positive ER
status. However, ER status alone does not accurately
predict for intrinsic resistance.
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Possible mechanisms of resistance include the
following.

o Some of the actions of oestrogens appear to be
mediated through transcription factors such as
activator protein 1 (AP-1). Enhanced activation
of AP-1 transcription factors has been associated
with tamoxifen resistance in both human breast
cancers and xenografts.

o Expression of ER has been seen to activate
AP-1-regulated genes when bound to tamoxifen.
Increased expression of ERf is implicated in
tamoxifen resistance.

o ERslocated in the membrane can activate
growth-factor-signalling pathways; this
bidirectional crosstalk between signalling
pathways may be active in endocrine resistance,
for example, binding of oestrogen, and even
tamoxifen in membrane ER can activate the
epidermal growth factor family receptors (Milano
etal.,2006).

Acquired resistance

Peptide growth factor receptor pathways such as epi-
dermal growth factor receptor (EGFR) and human
epidermal growth factor receptor 2 (HER2) become
selectively upregulated in breast cancer cells that
acquire resistance to tamoxifen during prolonged
exposure, and they are an alternative mechanism
stimulating cell growth. Enhanced expression of EGFR
and subsequent downstream mitogen-activated pro-
tein kinase (MAPK) activation have been found in
MCEF-7 breast cancer cells that become resistant to
tamoxifen over time. In addition, the effect of low levels
of oestrogen stimulation induced by tamoxifen and Als
may result in sensitisation of the ER.

The agonist activity of tamoxifen is also an import-
ant mechanism of resistance; that is, tamoxifen may
become an ER agonist in breast cancer cells. This con-
cept is supported by the fact that withdrawal responses
may occutr, albeit rarely.

Role of the progesterone receptor in
hormone resistance

In ER-positive disease, a PgR-negative status is asso-
ciated with a reduced chance of response to tamoxi-
fen, but not necessarily with Al resistance. Tamoxifen
resistance may be linked to growth factor receptor
pathways such as HER2. Excessive growth factor

signalling or overexpression of HER2 downregulates
expression of the PgR gene. Crosstalk may also occur
between the ER and growth factor receptor pathways
such as HER2, and so oestrogen or tamoxifen might
stimulate these alternative pathways.

Support for this hypothesis comes from the ATAC
study in which the benefit of time to recurrence seen
with anastrozole compared with tamoxifen was greater
in the ER-positive/PgR-negative subgroup compared
to the ER-positive/PgR-positive subgroup (Dowsett
et al., 2005). This effect was not seen in a subgroup ana-
lysis in the BIG 1-98 trial, and it remains a continuing
area of research.

Non-hormonal approaches to overcoming
resistance: signal transduction inhibitors

EGEFR expression in cells studied during research is
associated with increased proliferation and resistance
to apoptosis. There is interest in whether EGFR inhibi-
tors may overcome hormone resistance. There are
several ongoing trials combining signal transduction
inhibitors with hormonal therapies, e.g. aromatase
inhibitors, and the results of these studies are eagerly
awaited.

Breast cancer: prevention

Breast cancer chemoprevention is an area of current
interest with drugs such as tamoxifen, raloxifene,
exemestane and anastrazole showing activity in pre-
venting breast cancer in unaffected women at high risk
of developing the disease.

Raloxifene is a nearly pure oestrogen antagonist
with no stimulatory effects on the endometrium. The
STAR study of tamoxifen and raloxifene in breast can-
cer prevention showed that raloxifene is as effective as
tamoxifen in reducing the incidence of invasive breast
cancer in postmenopausal women and is associated
with fewer thromboembolic events and endometrial
cancers (Vogel, 2009).

For aromatase inhibitors, the IBIS-II study ran-
domised 3864 postmenopausal women at high risk of
breast cancer to anastrozole or placebo every day for
5 years. After a median follow-up of 5 years, 40 (2%) of
1920 women in the anastrozole group and 85 (4%) of
1944 in the placebo group had developed breast cancer
(HR 0-47,95% CI 0.32-0.68, p < 0.0001). There was no
difference in breast cancer-specific or all-cause mortal-
ity (Cuzicket al., 2014).
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Table 3.3 Selected hormonal therapies in prostate cancer

Drug Type

Goserelin LHRH agonist

Leuprorelin LHRH agonist

Degarelix LHRH antagonist
Bicalutamide Non-steroidal anti-androgen
Flutamide Non-steroidal anti-androgen

Enzalutamide

Non-steroidal anti-androgen

Abiraterone CYP17 inhibitor

Dexamethasone Corticosteroid

Diethylstilboestrol Oestrogen

Dose/route Mode of action

3.6 mgevery 28daysor 10.8  Reduces pituitary

mg every 3 monthss.c. production of LH and FSH
3.75 mg every 28 days or Reduces pituitary
11.25 mg every 3 months production of LH and FSH

s.c./im.

Loading dose 240 mg then
80 mg every 28 days s.C.

Reduces pituitary
production of LH and FSH

50-150 mg daily p.o. Competitive AR inhibition

250mg td.s. p.o. Competitive AR inhibition

160 mg daily p.o. Inhibits AR and prevents

translocation to nucleus

1g daily p.o. taken with Reduces adrenal and
prednisolone 10 mg daily intraprostatic production of
p.o. androgens

0.5-1.5 mg daily p.o. Reduces adrenal production

of androgens
1-5 mg daily p.o. Reduces pituitary
production of LH and FSH

AR, androgen receptor; CYP17, cytochrome P45, 17a-hydroxylase/C17,20-lyase; FSH, follicle-stimulating hormone; LH, luteinising

hormone; LHRH, luteinising hormone-releasing hormone.

Prostate cancer: hormonal therapies

The hormonal therapies most commonly used in pros-
tate cancer are summarised in Table 3.3.

Androgen deprivation therapy

Androgen deprivation therapy (ADT) can be achieved
by either castration or single agent bicalutamide (150
mg daily). Castration can be surgical (subcapsular
orchidectomy) or medical (with LHRH agonists or
antagonists), and it produces serum testosterone lev-
els of less than 50 ng/mL. LHRH antagonists have the
advantage of avoiding a testosterone surge and not
requiring anti-androgen therapy; they can be used
in emergency situations, such as impending spinal
cord compression, as can diethylstilboestrol (3-5 mg
daily p.o.), cyproterone acetate (100 mg t.d.s. p.o) or
ketoconazole.

In advanced or recurrent prostate cancer, ADT
produces responses in at least 85% of patients, often
with dramatic reversal of the clinical picture.

The median duration of response is approximately
18 months, with evidence that the prostate-specific
antigen (PSA) doubling time before and the PSA nadir
following ADT are of prognostic significance (D’Amico

et al., 2006; Rodrigues et al., 2006). Eventually, and
inevitably, patients will relapse. Trials investigating
adjuvant therapies that might prolong the time to
relapse have generally shown no effect or only min-
imal benefit. However, the ongoing MRC STAMPEDE
study is investigating the benefits of zoledronic acid,
docetaxel, abiraterone and local radiotherapy in add-
ition to ADT.

Mode of action

LHRH agonists, such as goserelin, leuprorelin acetate
and triptorelin, are synthetic analogues of the decapep-
tide LHRH which have increased affinity for the LHRH
receptor and reduced susceptibility to protease degrad-
ation, resulting in increased binding to the receptor.
After an initial surge in LH and FSH and a rise in tes-
tosterone (unless temporary anti-androgens are used),
downregulation of LHRH receptors and desensitisa-
tion of the gonadotroph to the normal pulses of LHRH
occur. LH and FSH fall and castrate testosterone levels
are reached in 10-20 days.

Reduced serum testosterone leads to reduced
expression of androgen-regulated gene products. Some
cells undergo apoptosis (androgen-dependent), some
cell-cycle arrest (androgen-sensitive) and some are
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unaffected (androgen-insensitive). Oral administra-
tion is ineffective because LHRH agonists are rapidly
cleared by the liver, but subcutaneous or intramuscu-
lar delivery gives 94% bioavailability. LHRH agonists
can be given as monthly or three-monthly depot injec-
tions. The temporary rise in testosterone (flare) should
be prevented by giving 3 weeks of anti-androgens
(bicalutamide 50-150 mg daily, flutamide 250 mg t.d.s.
or cyproterone acetate 100 mg t.d.s.), starting at least 1
week before the first LHRH agonist injection.

The LHRH antagonist, degarelix, achieves castrate
levels of testosterone (< 0.5 ng/mL) without an initial
surge in 96% of patients after 3 days and 100% after
1 month with a starting dose of 240 mg s.c. Injections
are then continued at 80 mg every 4 weeks.

Clinical use

Advanced disease

LHRH agonists have been used for more than 15 years
for the management of metastatic prostate cancer, as
a medical alternative to orchidectomy. Trials show
equivalent response rates and survival, although they
havebeen too small to show true equivalence. However,
medical castration is reversible, and it has become the
preferred management approach.

Deferred therapy in locally advanced or asymptomatic metastatic
disease

Patients with locally advanced or asymptomatic meta-
static disease are incurable, and the balance between
quality and quantity of life is very important. They
may not need immediate hormonal therapy. ADT has
well-documented acute and late side effects that may
be avoidable for a considerable time in certain clinical
situations. Deferred therapy is an option for patients
with locally advanced disease who are not having
radical therapy or for those with asymptomatic early
metastatic disease (e.g. painless rib metastases only;
Anonymous, 1997). Patients should be closely super-
vised and made aware of the symptoms of progressive
disease. Single-agent bicalutamide may also be consid-
ered as an alternative to castration in certain situations,
although it is not licensed for single-agent use in meta-
static disease.

Intermittent therapy in advanced disease

Intermittent therapy may allow androgen-dependent
cells to repopulate the tumour, thereby delaying
the development of androgen-resistant clones, and

may reduce the side effects of long-term castration.
Intermittent androgen suppression is not inferior to
continuous androgen suppression for overall survival
in patients with a rising PSA (at least 3 ng/mL) at least
one year after radical radiotherapy for localized pros-
tate cancer (Crook et al., 2012). In patients with newly
diagnosed, metastatic, hormone-sensitive prostate
cancer, a study comparing intermittent with continu-
ous androgen was inconclusive because the event rate
was low (Hussain et al., 2013). The median overall sur-
vival was 5.8 years in the continuous arm and 5.1 years
in the intermittent arm (HR for death 1.10; 90% confi-
dence interval (CI) 0.99 to 1.23).

Hormone therapy as an adjunct to radical radiotherapy

The major randomised trials investigating the combin-
ation of hormone therapy and radical radiotherapy are
summarised in Table 3.4. Hormone therapy canbe used
either neoadjuvantly and concurrently with radiother-
apy (neoadjuvant hormone therapy, NAHT) and/or
as an adjuvant following radiotherapy (adjuvant hor-
mone therapy, AHT). Early trials included predomin-
antly patients with locally advanced or node-positive
disease, but more recent trials have included those
with intermediate- or high-risk localised disease.
Interpretation of these trials is complicated by changes
in radiotherapy technique, such as dose escalation.

Neoadjuvant hormone therapy

NAHT causes cytoreduction, maximal at around
3 months, and may radiosensitise cells. In patients
with bulky tumours, NAHT reduces the volume of
rectum irradiated (Zelefsky and Harrison, 1997).
Radiosensitisation would be expected to improve
local control, which is also improved with dose escal-
ation. Multiple trials have shown convincing improve-
ment in outcomes for patients with locally advanced
disease. TROG 96.01 showed longer metastasis-free
survival, cause-specific survival and overall survival
with 6 months of NAHT compared to no androgen
suppression. This was not seen with just 3 months
of NAHT (Denham et al., 2011). Four months of
NAHT has been shown to improve overall survival in
intermediate-risk localised prostate cancer patients
in RTOG 9408 (Jones et al., 2011). The ability of
longer-duration hormonal therapy to eradicate micro-
metastatic disease has been studied in various trials.
Three years of AHT improved 5-year overall survival
in patients with locally advanced disease who were
treated with prostate and pelvic radiotherapy (Bolla
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Table 3.4 Studies of neoadjuvant and/or adjuvant hormonal therapies in prostate cancer; updated results

Patient
Trial group

Neoadjuvant studies
RTOG 8610  Bulky orlocally

advanced
TROG Locally
96.01 advanced
L101 T2-3
Crooketal.  Tic-T4
RTOG 9408 T1b-T2b
PSA <20
ICORG Intermediate
97-01 or high-risk
localised
disease

Adjuvant studies

MRCPR0O2  T2-4
RTOG 8531 T3-4orN1

(some pT3)
EORTC T1-4
22863

Study design

PPRT +4 months
of MAB starting
2 months pre-RT

Prostate and
seminal vesicle RT
+0, 3, or 6 months
of MAB starting 2
or 5 months pre-RT

PrRT + 3 months
MAB starting
3 months pre-RT

PrRT with 3 or
8 months MAB
NAHT

PrRT +£4 months
of MAB starting
2 months pre-RT

PrRT with 4 or
8 months of NAHT

Orchiectomy

vs PrRT vs
orchiectomy +
PrRT

PPRT +immediate
(in last week of
RT) or delayed (at
relapse) LHRHa

PPRT + concurrent
and 3 yrs of AHT or
LHRHa at relapse

456

818

378

1979

276

277

945

401

Median FU
(yrs)

12

10.6

6.6

8.5

7.3

55

Disease-free
survival

10-yr DFS better
with NAHT
(119% vs 3%,
p <0.0001)

Improved
event-free
survival with
NAHT (HR 0.63,
p <0.0001 for
3 months; HR
0.51,p < 0.0001
for 6 months)

Improved bNED
for NAHT (HR
0.59, p=0.009)

No difference in
overall trial

Improved with
NAHT

No difference at
5yrs

AHT improved
10 yrs bNED (HR
0.77,p < 0.0001)

AHT better (HR
043,p=0.0001)

Other results/
issues

Reduced 10-yr CSS
and bNED with AHT

6 months NAHT
only improved
MDFS, CSSand OS

See section on
combined studies,
below

Improved 5-yr DFS
with 8 monthsin
high-risk group
(71% vs 42%,
p=0.01)
Improved 10-yr OS
(HR1.17,p=0.03)
and DSM (HR 1.87,
p=0.001) with
NAHT

No difference in 5-yr
OS or CSS

Delayed time to
metastatic disease
with orchiectomy

Improved LDFS,
MDEFS, CSS, and OS
with AHT; 10-yr OS
53vs38% (HR0.76,
p <0.004)

AHT improved CSS
and OS; 5-yrOS 78
vs 62% (HR 0.59,
p=00002)
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Table 3.4 (cont.)

Patient
Trial group Study design n
Early T1-4,NO-1, PrRT + adjuvant 1370
Prostate MO bicalutamide
Cancer 150 mg daily for
Trial 2-5yrs
Combined studies
L101 T2-3 PrRT+0,3 or 161
10 months of MAB
starting 3 months
pre-RT
L200 T2-3 PrRT+5or 325
10 months of MAB
starting 3 months
pre-RT
RTOG 9202 T2c-4 PPRT + 4 months 1554
of MAB starting
2 months pre-RT £
2 yrs of AHT
EORTC T1-4,NO-1 PPRT + 6m MAB 970
22961 + 2.5 yrs adjuvant
LHRHa
D’Amico Intermediate PrRT + 6 months 206
or high-risk MAB
localised
disease

Median FU Disease-free Other results/
(yrs) survival issues
53 AHT better Improved outcome
(HR0O.72, significant on
p=0.002) subgroup analysis
for locally advanced
disease (T3-4) (HR
0.58, p=0.003); no
difference in OS
5 No difference Both improved
NAHT and bNED compared to
NAHT/AHT no HT (HR 0.59 and
0.53,p=0.009)
37 No difference
NAHT and
NAHT/AHT
11.3 10-yr DFS AHT improved
improved with CSS, MDFS, and
AHT (13%vs 23%, LDFS; unplanned
p <0.0001) subgroup
analysis showed
OS advantage
for high-grade
tumours (p = 0.006)
6.4 Additional HT
improved CSS and
OS; 5-yr OS 19% vs
15% (HR 1.42)
7.6 Improved overall
survival 44 vs 30
deaths with AHT

(HR 1.8;p=0.01)

AHT, adjuvant hormone therapy; bNED, biochemical disease-free survival; CSS, cause-specific survival; DSM, disease-specific mortality;
FU, follow-up; HR, hazard ratio; HT, hormone therapy; LDFS, local disease-free survival;, LHRHa, luteinising hormone-releasing hormone
agonist; MAB, maximal androgen blockade; MDFS, metastatic disease-free survival; n, number of patients; NAHT, neoadjuvant hormone
therapy; OS, overall survival; PPRT, prostate and pelvic radiotherapy; PrRT, prostate radiotherapy; RT, radiotherapy.

Adapted from Armstrong et al, 2011, Bolla et al,, 1997, 2009; Crook et al, 2009; D'’Amico et al., 2008; Denham et al., 2011; Fellows et al., 1992;
Horwitz et al,, 2008; Jones et al., 2011; Laverdiere et al., 2004; Pilepich et al,, 2005; Roach et al,, 2008; Tyrrell et al,, 2005.

et al., 2002). EORTC 22961 and RTOG 92-02 both
compared short-course and long-course ADT in high
risk, locally advanced and/or node-positive patients.
RTOG 92-02 showed improved overall survival only
in high-grade tumours (Horwitz et al., 2008). EORTC
22961 showed improved 5-year cause-specific and
overall survival in patients of whom 73% had T3
tumours (Bolla et al., 2009).

Adjuvant hormonal therapy following surgery

Two trials have investigated the role of AHT fol-
lowing radical prostatectomy. One showed no
benefit in terms of overall survival from the add-
ition of flutamide in patients with locally advanced,
node-negative disease. At a median of 11.9 years, the
second trial showed improved overall survival with
immediate ADT in patients with involved pelvic
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lymph nodes (HR 1.84; p = 0.04). Progression-free
and cause-specific survival were also improved
(Messing et al., 2006).

Adverse events

ADT causes hot flushes, sweats, weight gain and mood
changes, especially emotional lability and depression.
The depression can be profound, and depressive psych-
oses have been reported. Patients become impotent
and have decreased libido. They may notice tiredness,
weakness and reduced energy levels.

Men with advanced prostate cancer have been
shown to have reduced BMD at presentation com-
pared with controls (40% versus 27%; Hussain et al.,
2003). ADT also causes a 4-10% loss of BMD within
the first year of therapy. There is an increased rate of
all-site and hip fractures (13% versus 20% and 2%
versus 4%, respectively) in prostate cancer patients
treated with ADT compared to those treated without
(Shahinian et al., 2005). Bisphosphonates can prevent
BMD loss in men who are starting ADT (Smith et al.,
2003), although their effect on fracture rate has not
been reported.

There are reports of an increased risk of cardiovas-
cular death (D’Amico et al., 2007), but this is not con-
firmed in larger cohorts (Bolla et al., 2009).

Non-steroidal
anti-androgens: bicalutamide, flutamide
and enzalutamide

Mode of action

The modes of action of non-steroidal anti-androgens
include the following.

o Competitive inhibition of the AR prevents the
binding of DHT in the prostate; binding results
in a conformational shape change, altering
the balance of co-activator and co-repressor
complexes and reducing the effects of DHT.

« Stimulation of the hypothalamus results in LH
secretion, which leads to the production of
testosterone, thus reducing many of the side effects
associated with LHRHa, including impotence.

 Bicalutamide can be used in combination with
LHRHa (dose = 50 mg daily) for maximal androgen
blockade (MAB) or as a single agent at 150 mg daily.

o Enzalutamide has greatly increased affinity for
the AR and cause a greater degree of inhibition.

In addition, it prevents nuclear translocation

of activated AR and inhibits the association

of activated AR with DNA. It is used in
castrate-refractory metastatic disease in addition
to LHRHa (dose = 160 mg daily).

Clinical uses

Single-agent bicalutamide 150 mg daily is less effect-
ive than surgical castration in patients with metastatic
disease in terms of time to progression and overall sur-
vival; the outcome for patients with non-metastatic
locally advanced disease was not statistically different
(Iversen et al., 2000).

MAB has been compared with medical and surgi-
cal castration alone in several trials and meta-analyses.
There seems to be a small overall survival advantage of
approximately 7 months (2-5% improvement in 5-year
overall survival) when MAB is used (with bicalutamide
as the preferred anti-androgen). The largest benefit
may be for patients with minimal disease. However,
advisory groups on both sides of the Atlantic have ques-
tioned the cost-effectiveness of MAB, and standard
therapy remains LHRHa alone (Schmitt et al., 2000).

The Early Prostate Cancer Trials assessed the role of
bicalutamidealone, orasanadjunct,in 3 studiesinclud-
ing 8113 patients with localised or locally advanced
prostate cancer (McLeod et al., 2006). At 7.4 years’
median follow-up, there was no benefit from early or
adjuvant bicalutamide in men with localised disease,
and there was a trend towards decreased survival (HR
1.16 [95% CI 0.99 to 1.37]; p = 0.07). In patients with
locally advanced disease who received radiotherapy
(n = 305), bicalutamide significantly reduced the risk
of disease progression by 44% (HR 0.56 [95% CI 0.40
t00.78]; p < 0.001) and death by 35% (HR 0.65 [95% CI
0.44 t0 0.93]; p = 0.03; See and Tyrrell, 2006).

Enzalutamide has been shown to prolong survival
in men with castrate refractory metastatic prostate
cancer in the post-docetaxel setting (Scher et al., 2012)
and results of trials in other disease states are awaited.

Adverse events

Approximately 70% of men suffer breast pain and
gynaecomastia; 10% report hot flushes, asthenia, rash
and impotence; 6% report alopecia and weight gain
(Wirth et al., 2004).

The breast-related side effects can be most effect-
ively managed by using adjuvant tamoxifen 10-20 mg
daily, although the long-term effects on the can-
cer and the patient are not yet known. Breast bud
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irradiation and anastrazole are less effective alterna-
tives. Tamoxifen may also have a role in patients who
have already developed gynaecomastia (Boccardo
et al.,2005; Perdona et al., 2005).

There are well-documented beneficial effects of
bicalutamide on BMD (presumably due to increased
testosterone and oestradiol levels), but unfortunately
bicalutamide cannot be used to reverse the loss of BMD
seen with the previous use of LHRHa.

Enzalutamide is well tolerated and the only add-
itional notable toxicity is a 0.8% risk of seizure.

Anti-androgen withdrawal

Withdrawing anti-androgen therapy has been
reported to give response rates of up to 30% in patients
who have been responding to antiandrogen therapy.
This response is thought to be due to mutation in the
AR, which results in stimulation by the anti-androgen
rather than inhibition. Re-challenging with an alter-
native anti-androgen may result in further responses
(e.g. bicalutamide following flutamide or nilutamide
following bicalutamide).

CYP17 inhibitors: abiraterone acetate

Abiraterone acetate is licensed for wuse in
castration-resistant  metastatic  prostate  cancer
(CRMPC) in both the pre- and post-docetaxel setting.

Mode of action

Abiraterone acetate inhibits both the 17a-hydroxylase
and C17-20-lyase components of CYP17. This leads to
suppression of the production of adrenal androgens
and mineralocorticoids. It is now understood that
intraprostatic production of androgens occurs follow-
ing the same pathway and this is also suppressed.

Clinical uses

Abiraterone acetate prolongs survival in men with
CRMPC in the post-docetaxel setting (Fizazi et al.,
2012). Prior to chemotherapy, abiraterone increased
time to radiological progression, but the improvement in
overall survival was non-significant (Ryan et al., 2013).
Abiraterone acetate is licensed for both indications, how-
ever. Results of trials in other disease states are awaited.

Adverse events

The side effects are all related to its mechanism of
action and include fluid retention, hypertension and
hypokalaemia. This is reduced by co-administration

with prednisone or prednisolone (typically at 10 mg
daily) or eplerenone. Asymptomatic transaminitis
can also occur and requires monitoring. Reversal
usually occurs after withdrawal of abiraterone and
most patients can tolerate reintroduction with alower
dose.

Steroidal anti-androgens: cyproterone
acetate, megestrol acetate and
medroxyprogesterone acetate

Cyproterone acetate is licensed for use in advanced
prostate cancer and for suppression of tumour flare
with initial LHRHa.

Mode of action

The biochemical effects of steroidal anti-androgens are

multiple, complex and not well defined:

o anti-androgenic;

o reduced LHRH and LH release;

o reduced steroid synthesis leading directly to
reduced testosterone levels;

« interference with the intracellular binding of DHT
to the androgen receptor; and

o progestational and glucocorticoid activities. The
main clinical use of steroidal anti-androgens is to
prevent LHRHa-induced tumour flare.

Adverse events

Fluid retention can precipitate congestive cardiac fail-
ure and cause ankle oedema. Steroidal anti-androgens
are associated with thromboembolic disease. Their
hepatotoxicity includes jaundice, hepatitis and abnor-
mal liver function tests. Reduced libido and erectile
dysfunction also occur.

Exogenous oestrogens: diethylstilboestrol

and ethinyloestradiol

Diethylstilboestrol (DES) is the only oestrogen used in
standard clinical practice.

Mode of action

The exact mode of action is not understood, but it is
likely that DES functions in multiple ways to reduce
androgenic activity:

o suppression of adrenal androgen production;

« reduced LH/FSH production from the pituitary;

o reduced testicular production of testosterone.
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Pharmacokinetics

DES canbegivenorallyand undergoesfirst-pass metab-
olism within the liver to form its active metabolites.

Clinical use

DES (3-5 mg daily) can be used as a single agent to
achieve rapid castrate testosterone levels. It can also
be used in combination with LHRHa at 1 mg for
hormone-refractory disease. Transcutaneous application
may bypass the first-pass metabolism and thus reduce the
liver, cardiac and thromboembolic side effects (which is
being assessed in the ongoing MRC PATCH study).

Adverse events

DES causes sodium retention with oedema and can
precipitate congestive cardiac failure. It can cause
thromboembolic disease. Hepatotoxicity can occur
with jaundice, hepatitis and abnormal liver function
tests. It should be given with aspirin 75 mg daily or full
anticoagulation to prevent the thromboembolic dis-
ease. Gynaecomastia occurs, which is prevented with
the use of pre-DES radiotherapy (7-10 Gy). Nausea
and impotence also occur.

Glucocorticoids: prednisolone or
dexamethasone

Mode of action

The mode of action of glucocorticoids involves sup-
pression of adrenal androgen production.

o Response rates to prednisolone/prednisone (5-20
mg daily) and hydrocortisone (30 mg daily) are in
the order of 30% (PSA decrease of at least 50%),
with a median duration of response of about
2 months.

o Dexamethasone (0.5-2 mg daily) is highly active,
with response rates of up to 80%, and up to 30%
of patients may get an 80% reduction in PSA.
The median time to progression is approximately
7 months. PSA responders have a median survival
of approximately 15 months.

Adverse effects

Typical glucocorticoid toxicities include proximal
myopathy, cushingoid facies, thin skin with easy
bruising, hypertension, mental changes includ-
ing hyperactivity and confusion and increased risk
of osteoporosis. The lowest effective dose should be
prescribed.

Prostate: mechanisms of resistance

The underlying mechanism for hormone resist-
ance is still largely unknown. Because the adrenal
glands produce 5-10% of circulating androgens, the
majority of successful hormonal manoeuvres used
in LHRHa-refractory disease reduce adrenal andro-
gen production. However, even with MAB, patients
relapse. It is now understood that intraprostatic andro-
gen production occurs.

After ADT, some cells undergo apoptosis
(androgen-dependent) and some undergo cell-cycle
arrest (androgen-sensitive) ~while others are
unaffected (androgen-insensitive). It is thought that
before treatment with ADT there is a predomin-
ance of androgen-sensitive cells, but after ADT the
less-dependent cells grow more and become the dom-
inant clones.

It has been suggested that the malignant cells are
prostate cancer stem cells, whose progeny are primar-
ily androgen-sensitive in the presence of androgens.
However, in the absence of androgens or with low
circulating levels of androgens, the progeny become
increasingly androgen-resistant.

Analternativehypothesisis thatandrogen-sensitive
cells initially enter cell-cycle arrest, but over time
they develop molecular pathways that overcome the
low/absent circulating androgens. These include the
following.

o Upregulated levels of AR mRNA and protein - this
occurs because androgen levels are low and AR is
not internalised.

o AR mutation - increased activation by low levels
of androgens or low-potency androgens. This may
lead to auto-activation, with AR activation even in
the absence of androgens.

o Upregulation of the ARE in the absence of
activated AR (e.g. via upregulated transcription
factors such as those in the EGFR pathway).

o Upregulated survival pathways (i.e. reduced
apoptosis, e.g. via BCL2 or survivin).

Prostate cancer: areas of current
interest

Additional novel hormonal therapies

Orterenol is an even more selective CYP17 inhibi-
tor that may allow suppression of the C17-20
lyase enzyme activity without affecting the
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17a-hydroxylase activity. This could avoid the need
for concurrent prednisolone therapy. Galeterone is
earlier still in the developmental pathway, but has the
additional advantage ofhaving some direct AR antag-
onistic function. ODM-201 is a novel anti-androgen
that potentially has even higher affinity for the AR
than enzalutamide, with the same blockade of AR
nuclear translocation.

Resistance to novel hormones

One area of intense research is the mechanism behind
de novo or acquired resistance to abiraterone and/or
enzalutamide and therapeutic approaches to overcome
these. Current approaches include combinations with
each other and with non-hormonal agents, predom-
inantly inhibitors of pathways relevant to hormonal
functionality - such as AKT inhibitors.

Timing of novel hormones

The high efficacy and low toxicity of the two main
classes of novel hormonal agents has led to many trials
looking at the various agents in different disease states,
from use in hormone-sensitive disease, e.g. abiraterone
acetate in the MRC STAMPEDE trial, at first relapse on
LHRH agonists and in the pre-chemotherapy setting.
Much is still to be learnt.
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Pathology in cancer

f Hywel Thomas and Mick Button

Introduction

Histopathology plays an essential role in oncology,
both in the initial tissue diagnosis of the tumour and
later in the detailed examination of the surgical spe-
cimen. The information gained from the macroscopic
and microscopic examination of the specimen will
guide further treatment and establish prognostic and
predictive markers for the patient. Pathologists will
often demonstrate the morphology of tumours to the
members of the multidisciplinary team (MDT). This
is an excellent opportunity to question the patholo-
gist on morphological descriptions and it provides a
teaching experience for medical students through to
senior consultants. Mutual understanding of work-
ing practices and interpretation of results among all
members of the MDT improves team working and
patient care.

Immunohistochemistry has revolutionised histo-
pathology over the last 20-30 years and a number of
tumours now require immunohistochemistry for their
accurate diagnosis or subclassification. It has also,
along with cytogenetics, significantly changed the
analysis of lymphoreticular tumours with the REAL
classification, which was adopted by the WHO and
published in 2001 and updated in 2008 (Jaffe et al., 2001
and Swerdlow et al., 2008).

Molecular genetic analysis is also an important
and rapidly developing area of histopathology with tis-
sue used for diagnostic and prognostic purposes. It is
beyond the scope of this chapter to list all the molecular
investigations available, as these are covered in specific
chapters.

Itis not essential for an oncologist to have a detailed
knowledge of histopathology, but a general under-
standing of pathological terms, tumour morphology,
laboratory techniques and limitations is helpful. This
chapter describes:

e specimen types,

o important microscopic descriptions of tumours,

 essential and practical immunohistochemical
results and

o important aspects of working with pathologists
within busy MDTs.

Practical MDT information relating to
pathology

Before obtaining a biopsy, the risks and benefits for
the individual patient should be considered, especially
when deciding which site is likely to most easily give a
complete and accurate diagnosis, balancing the risk of
failing to get a tissue diagnosis with the possible mor-
bidity of the procedure. The patient will almost cer-
tainly be very anxious and any delays from repeated
negative biopsies will not only make this worse but
also delay treatment decisions. Sometimes a biopsy
may not be necessary if treatment options are very lim-
ited. Biopsy procedures often have an associated risk
of morbidity; for instance, up to 5% of patients may
require a therapeutic chest drain after a lung biopsy
(Hiraki et al., 2010) and liver biopsy may have a mor-
tality rate of up to 1% (West and Card, 2010).

When requesting a pathology report, it is import-
ant for the requesting clinician to put all relevant clin-
ical details on the request form including radiological
information, symptoms, tumour markers, suspected
diagnosis and previous cancer diagnosis (if relevant) to
allow the pathologist to perform the most helpful tests
as rapidly as possible.

Advances in both pathology and oncology have
changed working practices significantly. There are now
more tools available to pathologists to guide treatment
decisions (e.g. ER/PgR and HER?2 testing in breast
cancer and differentiating adenocarcinoma from
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squamous cell carcinoma in non-small-cell lung cancer
(NSCLC)) and in elucidating a primary tumour when
none may be apparent clinically (e.g. by immunobhis-
tochemistry). Additional genetic tests (e.g. epidermal
growth factor mutation testing in NSCLC) have also
changed working practices and a tissue diagnosis may
now be needed when none was needed previously, with
more tissue required for all the necessary tests. This
means good teamwork to ensure that the most appro-
priate tissue is available to make an accurate, complete
and timely diagnosis.

Specimen type

The pathologist will receive a variety of different types
of specimen, each of which has advantages and limita-
tions for making a diagnosis.

Fine-needle aspirate cytology (FNAC)

This is a simple, cost-effective and relatively pain-
less procedure often undertaken by a radiologist. The
sample can be made into direct smears and reported
quickly by a pathologist, as happens in ‘one stop’ breast
clinics. In skilled hands, FNAC has a high sensitivity
and specificity. It is also possible to perform immuno-
histochemistry on an FNAC sample either by decol-
ourising the smear or by making a cell block from any
remaining sample (Fowler and Lachar, 2008). The cell
block method is preferred because decolourising the
smear can lead to unpredictable results.

A disadvantage of FNAC is that the cellularity
of the specimen depends on the skill and experi-
ence of the operator. A smear with too few cells can
prevent an accurate diagnosis and accurate defin-
ition of the histological subtype because of loss of
the architecture. It may also be difficult to distin-
guish invasive from in situ lesions with an FNAC
sample of a breast mass and so, many pathologists
prefer tissue core biopsies, as they can assess the
overall architecture of the tumour and perform more
immunohistochemical tests.

Exfoliative cytology (non-gynaecology)

Exfoliative cytology specimens include pleural and
peritoneal fluids, urine, cerebro-spinal fluid (CSF), spu-
tum, bronchial washings and brushings. These samples
are relatively rapid to process, although not as rapid as
FNAGC, and the cellularity depends on the disease pro-
cessinvolved. In skilled hands, high sensitivity and spe-
cificity can be obtained and immunohistochemistry

can be performed using the cell block method, which
may, however, be more difficult to interpret than a core
biopsy. Samples can also be sent for flow cytometry if
required.

The disadvantages are also similar to those of
FNAC specimens. It may be difficult to accurately sub-
type tumours on cytological grounds alone and poor
cellularity of the sample may be a problem.

Frozen section

A frozen section is useful for a rapid answer to an
issue that arises during an operation. There may, for
instance, be a suspicious peritoneal nodule during an
anterior resection of a colonic carcinoma, or a need
to examine margins to establish complete surgical
excision.

Frozen sections can provide a rapid result, but the
morphology of cellsin frozen section specimens differs
from that in conventional paraffin-embedded, haema-
toxylin and eosin-stained slides. False positive and
negative results are possible and in a difficult case the
pathologist would issue a cautious report while await-
ing more definitive paraffin sections.

Tissue core, endoscopic and excision
biopsies

This is the commonest type of specimen. Depending
on the size of the tissue, the sample tends to be fixed in
formaldehyde for a period ranging from a few hours
to overnight. The morphology from a good-quality
long core of tissue is often excellent, enabling the
pathologist to assess the overall architecture and
cytonuclear features. It is possible to perform histo-
chemical stains (for example, to look for mucin) and
also immunohistochemical stains. Tissue can also be
prepared for flow cytometry and sent for molecular
analysis if required.

The drawback of most core biopsies is that the
fixation and processing of the tissue can delay the
reporting of the specimen, although it can usually be
diagnosed and reported on the day after reaching the
laboratory. There are now microwave processors that
enable a much more rapid assessment of the tissue and
a ‘same-day’ diagnosis, but their cost prohibits their
use in many pathology laboratories. Another problem
may be the quality of the sample, and a tumour in a
difficult anatomical location may produce fragmented,
small-volume cores leading to a cautious or unhelpful
pathology report.
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Large cancer resections

Following fixation in formaldehyde for at least 24
hours, the pathologist will examine the gross morph-
ology carefully and decide on the appropriate tissue
blocks of tumour, background, margins and lymph
nodes. These will be processed overnight and cut and
stained into slides the following day. The advantage of
this specimen is that there will usually be abundant
tissue to examine. Gross photographs of the speci-
men are taken and, with appropriate consent, tissue
can easily be collected for research or for thelocal can-
cer bank. One very successful example is the Wales
Cancer Bank (WCB), launched in June 2004. Located
across several hospitals in north and south Wales, the
WCB consents patients with a variety of cancer types
and collects normal and tumour tissue to be used by a
wide variety of research organisations. Approximately
10,000 patients have already been consented for the
WCB, including pre-consent for using their tissue/
tumour for future research questions (WCB Annual
report, 2014; www.walescancerbank.com, accessed
August 2014).

Microscopic features of common
malignant tumours

The following section is a brief overview of the histo-
logical appearances of some of the common tumour
subtypes.

Squamous cell carcinoma

Squamous epithelium may be simple or stratified; the
latter covers many parts of the body, including skin,
oral cavity, oesophagus, cervix, vagina and anal canal.
The epithelium is typically robust and can withstand
mechanical stresses placed on it.

Dysplasia of the squamous epithelium may pro-
gress to invasive squamous cell carcinoma that
invades through the basement membrane into the
underlying supporting connective tissue. The usual
appearance of the tumour depends on the degree
of differentiation. There are different grading sys-
tems, but typically high-grade squamous tumours
will exhibit reduced keratinisation and intercellu-
lar bridging and increased cytonuclear pleomorph-
ism and mitotic activity. There are several variants
of squamous cell carcinoma, including basaloid and
spindle cell types.

Adenocarcinoma

Adenocarcinomas arise from glandular epithelium, of
which there are many different types and functions in
the body. Some glandular epithelia have a secretory or
absorptive role, while others, such as ciliated columnar
epithelium, have a propulsion role.

The sheer number and diversity of adenocarcin-
oma cannot be covered in this chapter. They are found
in a wide variety of sites including breast, lung, colon,
stomach, pancreas, prostate, kidney, liver, ovary, uterus
and thyroid, among many others. When a lung biopsy
of a mass shows an adenocarcinoma, the pathologist
must use a combination of histological appearance,
immunohistochemistryand clues from the clinical his-
toryand radiology to determine whether itis a primary
lung adenocarcinoma or a metastasis. Many adenocar-
cinomas show similar morphology to each other, but
some show subtle clues as to their primary site:

1. acord-like pattern of lobular carcinoma of breast
or the trabecular appearance of hepatocellular
carcinoma;

2. comedonecrosis (central necrosis in a rounded
epithelial island) as seen in some breast and
salivary duct carcinomas;

3. central necrosis (‘dirty necrosis’) seen in
the enteric-type epithelium of colonic
adenocarcinoma;

4. signet ring adenocarcinomas are a feature of
diffuse gastric adenocarcinoma, but can also occur
in tumours from other locations;

5. prominent perineural invasion is often seen in
adenoid cystic carcinoma of the salivary glands
and in prostate adenocarcinoma;

6. apapillary growth pattern is seen in several types
of adenocarcinoma, such as kidney, ovary and
thyroid; and

7. cribriform (‘sieve-like’) architecture is seen
in prostate, breast and some endometrial
adenocarcinomas.

Other adenocarcinomas show distinctive cytonuclear
features that can point to a primary site.

1. The cytoplasm of clear cell renal cell carcinoma is
distinctive, but clear cell adenocarcinoma variants
are also present in the ovary and endometrium and
several other sites.

2. The optically clear nuclei of thyroid papillary
carcinoma, so-called ‘Orphan Annie’ nuclei.



4: Pathology in cancer

Malignant melanoma

The diagnosis of malignant melanoma can be tricky
for the pathologist. In the primary cutaneous form,
the diagnosis is relatively straightforward when there
are nests of atypical melanocytes displaying epidermal
pagetoid spread and an infiltrative pattern in the der-
mis. Melanin pigment may be abundant and the cells
can show pleomorphism. The problem is that there are
a significant number of histological variants of mel-
anoma, with some displaying small bland nuclei and
others a prominent spindle cell component. The latter
would fall into a wide differential diagnosis including
spindle cell squamous carcinoma, cutaneous sarcomas
or an atypical fibroxanthoma.

Metastatic deposits of malignant melanoma can
occur in various clinical situations and anatomical
sites, can show a wide variety of cellular appearances
and often require immunohistochemistry for diagno-
sis. Pathologists always have melanoma in their differ-
ential for a tumour of unknown origin.

Small cell carcinoma

This is a poorly differentiated neuroendocrine car-
cinoma which can be found in many different parts of
the body, with the lung being the commonest primary
site. The tumour is often found centrally in the lung,
and morphology shows a solid distribution of cells,
although other patterns can be seen, including rosettes,
ribbons and tubules. The cells have a distinctive small
size with very dark (hyperchromatic) nuclei. The chro-
matin pattern is granular and there is minimal cyto-
plasm present. Nuclei may show moulding and in small
endoscopic biopsies the nuclei may become elongated
and distorted, causing diagnostic problems. In necrotic
areas nuclear debris may be smeared into blood vessel
walls — a phenomenon known as the Azzopardi effect.
In a limited and partly crushed endoscopic biopsy,
immunohistochemistry for neuroendocrine markers
would be essential to confirm the diagnosis because
lymphoma would be in the differential.

Lymphoreticular tumours

There is great morphological diversity in the histo-
pathology of lymphomas. From a broad division into
non-Hodgkin and Hodgkin lymphoma, the patholo-
gist has a low to high power approach when assessing
the microscopy. On low power the lymphoid infiltrate

is divided into nodular/follicular or diffuse, and on
high power the individual cell morphology is assessed.
For example, a nodular/follicular architecture com-
posed of small cleaved centrocytes would suggest grade
1 follicular lymphoma, while a diffuse population of
large atypical blasts would suggest a diffuse large B cell
lymphoma.

Pathologists very rarely report lymphomas based
on morphology alone. Since the REAL classification of
2001 was adopted by the WHO, pathologists use a com-
bination of morphology, immunohistochemistry and
cytogenetics to arrive at a diagnosis. The differential
diagnosis of a lymph node replaced with a nodular/fol-
licular proliferation of small to medium-sized lymph-
oid cells would include follicular lymphoma, small cell
lymphoma, mantle cell lymphoma and marginal zone
lymphoma. Immunohistochemistry would be rela-
tively straightforward to distinguish these tumours.
Many lymphomas are now reported by pathologists
with a dedicated interest in haematopathology.

Germ cell tumours

There are a wide variety of tissue types within the spec-
trum of germ cell tumours. Completely differentiated
somatic-type tissues can be seen in both male and
female tumours. Germ cell tumours in men are broadly
divided into two types.

1. Seminoma: sheets of cells separated by fibrous
septae. The cells are well-defined and show
enlarged nuclei with usually clear cytoplasm and
varying degrees of lymphocyte infiltration.

2. Non-seminomatous germ cell tumour (NSGCT)
consists of a number of different tumours
including:

o embryonal carcinoma: pleomorphic cells
with a wide variety of architectural growth
patterns;

« yolk sac tumour: several growth patterns
exist with a microcystic pattern being one of
the commonest showing mild to moderately
pleomorphic cells;

o choriocarcinoma: a markedly haemorrhagic
tumour with both syncytiotrophoblast and
cytotrophoblast elements; and

o mature teratoma: somatic tissue present.

The tumours present either as pure forms or as a mix-
ture of tumour types.
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Soft tissue and bone tumours

Malignant soft tissue and bone tumours are uncom-
mon and the average pathologist will see only a
small number of cases per year. Their appearance
will depend on the anatomical site, the cell of origin
and the degree of differentiation. For example, a dif-
ferentiated leiomyosarcoma should show some mor-
phological similarities to normal smooth muscle.
Poorly differentiated sarcomas are often a diagnostic
challenge and may require immunohistochemistry
to identify the original cell type. Sarcomas are usually
diagnosed and treated by a dedicated MDT and so if
sarcoma is suspected, it is better to refer to the sarcoma
MDT who will arrange for the biopsy to be performed
in a way that will not affect subsequent management.

Immunohistochemical features in
pathology

Immunohistochemistry was first described in the
1940s (Coons et al., 1941). During the last 20-30 years,
it has developed into an essential tool for patholo-
gists in the diagnosis, classification and prognosis of
tumours. However, it should not be a substitute for
good morphological evaluation using a haematoxylin
and eosin (H+E) slide.

Principles of immunohistochemistry

Antigens found at intracellular and extracellular sites
may be identified by commercially produced anti-
bodies. This binding reaction is not visible and a label-
ling method must be used to make the reaction visible
on light microscopy.

After sections are cut for immunohistochemis-
try, the tissue must first undergo a process of antigen
retrieval. This unmasks epitopes that have been hid-
den because of cross-linkage during formaldehyde fix-
ation. The primary antibody is introduced to the tissue
with a secondary biotin-labelled antibody. To amp-
lify the signal and increase the sensitivity of the reac-
tion, a streptavidin-biotin complex will attach to the
secondary antibody. The final step involves adding a
chromogen to produce a visible reaction. The chromo-
gen (3,3-di-aminobenzidine tetra hydrochloride; DAB)
will react with the combination of horseradish perox-
idase enzyme combined with hydrogen peroxide H,O,
to form a coloured reaction that is insoluble in alcohol
(Hsuetal., 1981).

Immunohistochemistry in routine clinical
practice

Tables 4.1 and 4.2 list some of the most useful mark-
ers. These tables are not exhaustive and histopath-
ology textbooks contain comprehensive accounts.
All results have to be interpreted in the light of clin-
ical information and, like all tests, immunohisto-
chemistry (IHC) results do not have 100% sensitivity
or specificity. For example, results on poorly differ-
entiated tumours or from FNAC samples may be less
reliable.

(ytokeratins (keratins)

Cytokeratins (CKs) are a family of intermediate fila-
ments that form the cytoskeleton of epithelial cells.
Thereare 20 CKsin routine use and they are numbered
1-20 based on their molecular weight — the higher the
number, the lower the molecular weight. Carcinomas
arise from different types of epithelium and the major-
ity will be cytokeratin-positive, but the grade of the
tumour plays an important role in determining the
strength of the reaction. A poorly differentiated car-
cinoma may show only weak or focal cytokeratin
staining. Most pathologists use a cytokeratin ‘cocktail’
(such as AE1/AE3) that contains multiple cytokerat-
ins in one antibody to increase the sensitivity of the
reaction.

Two particular cytokeratins deserve a special men-
tion. CK7 and CK20 can be used to help the patholo-
gist narrow down the search for an unknown primary.
Table 4.2 is a summary of the main reactions (for
adenocarcinoma, unless otherwise stated).

Immunohistochemical results should not be
viewed as definitive. Exceptions do occur, for example,
a small percentage of colorectal adenocarcinomas
may be CK7+ve. Cytokeratins can also show positive
staining reactions with some non-epithelial tumours,
for example, embryonal carcinoma of the testis, meso-
thelioma and some sarcomas.

Malignant melanoma

§100 is a low molecular weight protein found in many
cells, especially melanocytes, glial cells, Schwann cells,
neurons, Langerhans cells, cartilage and adipose tissue.

Other melanoma markers include HMB45 and
Melan A, which are often used as part of a panel
with S100.



Table 4.1 Commonimmunohistochemical markers

Marker Reactivity

ALK Anaplastic large cell lymphoma, inflammatory myofibroblastic tumour

CA125 Not specific (cervix, endometrium, Gl tract, thyroid, breast)

Calretinin Mesothelioma (+ve) versus adenocarcinoma (-ve)

CcD3 Tlymphocytes

CD5 Tlymphocytes, B-CLL/SLL and mantle cell lymphoma

cb10 Endometrial stromal tumours, follicular lymphoma, RCC + many others

CD15 Reed Sternberg cells, AML

CD20 B lymphocytes

CD23 B-CLL/SLL

CD30 Reed Sternberg cells,embryonal carcinoma

CD31and CD34 Vascular tumours

CD45 Stains all leucocytes

CD117 (C-Kit) GISTs, seminoma, AML

CEA Many carcinoma +ve (Gl tract, pancreas, lung, medullary thyroid cancer)

Chromogranin Neuroendocrine tumours

Cyclin D1 Mantle cell lymphoma

Cytokeratins:

AE1/AE3 (cocktail) Most normal epithelia and carcinomas

CK7 and CK20 Can be used to differentiate certain tumours (e.g. colorectal carcinoma are CK7— CK20+ and ovarian
serous carcinomas are CK7+ CK20-

Desmin Smooth and striated muscle

EMA Many carcinomas, mesothelioma, plasma cell tumours, meningioma

ER Breast, ovary, endometrial + some vulval stromal tumours

HER2 Detects overexpression of EGFR

HMB45 Malignant melanoma

Calcitonin Medullary carcinoma of thyroid

PLAPand OCT3/4 Seminoma, embryonal carcinoma

PSA Prostate carcinoma

S100 Neurons, Schwann cells, naevi/melanoma, fat and cartilage

SMA Smooth muscle, myoepithelial cells

Thyroglobulin Thyroid tumours

TTF-1 Primary lung adenocarcinoma and small cell carcinoma, thyroid tumours

Vimentin Several mesenchymal tissue types, some epithelia

Tumour type Main immunohistochemical markers used

Carcinomas AE1/AE3 (@among others)

Melanoma HMB45.5100 and Melan A

Sarcomas Depends on histological subtype

Mesothelioma As part of panel: calretinin, thrombomodulin, CK5/6

Germ cell tumours PLAP, OCT-3/4

Lymphoma CD45 to confirm haematological origin. Many others for subtyping

ALK, anaplastic lymphoma kinase; AML, acute myeloid leukaemia; CA, cancer antigen; CD, cluster of differentiation; CEA, carcino-
embryonic antigen; CK, cytokeratin; C-Kit, = KIT (kitten: v-kit Hardy—Zuckerman 4 feline sarcoma viral oncogene homolog); CLL, chronic
lymphocytic leukaemia; EMA, epithelial membrane antigen; ER, oestrogen receptor; Gl, gastrointestinal; GIST, gastrointestinal stromal
tumour; HER2, human epidermal growth factor receptor 2; HMB, human melanoma black; OCT-3/4, octamer-binding transcription factor
3/4; PLAP, placental alkaline phosphatase; PSA, prostate-specific antigen; RCC, renal cell carcinoma; SLL, small lymphocytic lymphoma;
$100, S100 calcium binding protein; SMA, smooth muscle actin; TTF-1, thyroid transcription factor 1.
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Table 4.2 Cytokeratin 7 and 20 profile for common tumours

CK20+ CK20-
CK7+ Stomach Breast
Pancreas Lung
Ovarian mucinous Ovarian serous
Urothelial carcinoma Endometrial +
endocervical
Mesothelioma
CK7- Colorectal Kidney clear cell
Merkel cell Prostate
Liver
Lung squamous cell
carcinoma
Adrenal

The adenocarcinomas in the CK7+CK20+ box (especially
stomach, pancreas and ovarian mucinous) often show
unpredictable CK20 staining. They should perhaps be regarded
as CK7+CK20+/-.

Adapted from Tot, 2002 and Dennis et al., 2005.

Lymphoreticular tumours

There are over 200 ‘cluster of differentiation’ (termed
‘CD’ for short) markers available for testing. A work-
ing knowledge of a subset of these is essential, as
highlighted in Table 4.1. Common lymphomas and a
brief summary of their immunohistochemical profile
include the following:

Diffuse large B-cell lymphoma (DLBCL)

e CD45+ve, CD20+ve, BCL2+ve, CD10+ve (in
germinal centre type).

o BCL6,CD10and MUMI can be used to
determine germinal centre type or non-germinal
centre type.

o CD5 may be occasionally positive.

Follicular lymphoma (FL)

o« CD45+ve, CD20+ve, CD10+ve, BCL2+ve
(may be negative in some grade 3 tumours and
cutaneous FL).

o CD5-ve, CD23-ve, Cyclin D1-ve.

Chronic lymphocytic leukaemia/small lymphocytic
lymphoma (CLL/SLL)

e (CD45+ve, CD20+ve, CD5+ve, CD23+ve.
o CDI10-ve, Cyclin D1-ve.

Mantle cell lymphoma

o CD45+ve, CD20+ve, CD5+ve, Cyclin D1+ve.
¢ CD10-ve, CD23-ve.

Marginal zone lymphoma

o CD45+ve, CD20+ve.
o CD5-ve, CD10-ve, CD23-ve, Cyclin D1-ve.

Classical Hodgkin lymphoma

o Classical Reed Sternberg cells and mononuclear
Hodgkin cells are CD45-ve, CD20-ve, CD15+ve,
CD30+ve.

Germ cell tumours

Both placental alkaline phosphatase (PLAP) and
Oct-3/4 are robust markers of germ cell tumours,
although the latter is negative in yolk sac tumour and
mature/immature teratoma. PLAP also shows positive
staining of smooth and skeletal muscle tumours (which
rarely cause diagnostic confusion). Overall they show
good sensitivity and specificity.

Soft tissue tumours

A large number of antigens are available and their use
will depend on the subtype of the tumour. Commonly
used markers include the following:

o Vimentin: a type of intermediate filament found in
the majority of mesenchymal cells. Unfortunately
its use is somewhat restricted because of lack of
specificity.

o Desmin: similar to cytokeratin, this is another
type of intermediate filament found in muscle
cells and is positive in leiomyosarcoma and
rhabdomyosarcoma.

o  MYODI: this is a transcription factor and is
positive in rhabdomyosarcoma.

o S100: positive in liposarcoma and
chondrosarcoma (see melanoma section).

« CD31, CD34: these are endothelial markers and
are positive in angiosarcoma.

Practical use of immunohistochemistry

Pathologists have a structured approach to the use of
IHC in routine clinical practice based on a combin-
ation of the tissue morphology, clinical and radio-
logical information. The humble H+E stain remains
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the most useful stain in determining which panel of
markers to use. Indiscriminate use of IHC without
considering the H+E appearance is costly and maylead
to an incorrect diagnosis.

The commonest situations in which IHC is used are
as follows.

1. To confirm a diagnosis on H+E.

Example: a high molecular weight cytokeratin
antibody (e.g. 34BE12 or CK5/6) will stain the
basal cells of normal prostate glands. Prostate
adenocarcinoma lacks a basal layer and
therefore it is the absence of staining that is
notable.

2. Toascertain if a tumour is primary to that organ.
Example: a lung biopsy in a patient showing
amoderately differentiated non-enteric type
adenocarcinoma with clinical and radiological
evidence of a lung primary would have a
limited panel:

o AEI1/AE3: broad spectrum cytokeratin to
confirm epithelial origin;
o CK7: usually +ve in primary lung

adenocarcinoma;

o CK20: usually -ve in primary lung
adenocarcinoma;

o TTEF-1: positive in > 75% of primary lung
adenocarcinoma.

If the CK7, CK20 and TTF-1 results were
inconsistent, other markers would be used in
a second panel to ascertain if the tumour was
a metastasis (markers such as PSA, CDX2,
thyroglobulin or CEA would be considered).
This stepwise approach is commonly used with
adenocarcinoma of uncertain origin (Dennis
etal., 2005).

3. The problem of the tumour of unknown origin.
Example: a neck biopsy in a patient showing
a pleomorphic tumour would need a wide
differential diagnosis. Clinical and radiological
information would be considered. There may
be subtle clues on morphology such as vague
glandular formation in adenocarcinomas
or some possible brown melanin pigment
suggesting melanoma. The broad differential
includes carcinoma, melanoma, lymphoma
(such as anaplastic large cell lymphoma),
sarcoma and (possibly less likely depending
on the clinical scenario) germ cell tumours or
mesothelioma.

The first immunohistochemical panel would
include:

o AE1/AE3: broad spectrum cytokeratin to look
for epithelial differentiation;
« 5100, HMB45: markers to exclude metastatic
malignant melanoma;
o CD45: (leucocyte common antigen) to exclude
lymphoma.
Immunohistochemical markers for sarcomas,
germ cell tumour and mesothelioma are often used
in the second-line panel if the initial markers as
listed above are negative.
If the pleomorphic tumour showed epithelial
differentiation (AE1/AE3+ve) further markers
would then be used to try to establish the site of
origin. These markers would include: CK7, CK20,
TTF-1, CEA, CDX2, PSA and thyroglobulin.
(ER and CA125 may be used in females.)
Neuroendocrine markers may also be used.
Positive staining for S$100 and HMB45 would
indicate a diagnosis of malignant melanoma. If the
CD45 was initially positive, additional lymphoma
markers would then be used for definitive
subclassification.
This stepwise approach of using
immunohistochemical markers is essential, as
every histopathology department faces time
and financial pressures. Using every possible
immunohistochemical marker from the outset on
a pleomorphic tumour would not be cost-effective
and would dramatically increase the time taken
to report the case. It could also cause non-specific
staining from uncommon IHC antigens leading to
erroneous diagnoses.

The pathology report

A histopathology report should convey a combination
of the stated clinical history, macroscopic description
of the tissue, microscopic assessment and diagnosis.
If the diagnosis is straightforward, the report should
be concise, with a list of all prognostic information.
If the tumour is difficult to classify, the report should
reflect this with a list of differential diagnoses includ-
ing a favoured diagnosis (depending on immunohis-
tochemical and molecular investigations). A second
expert opinion may be required.

The Royal College of Pathologists have pub-
lished ‘Tumour Datasets’ (previously referred to as
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Box 4.1 Example dialogue from a lung MDT

Consultant respiratory physician

The next case is an 87-year-old man, a lifelong smoker with a history of severe COPD, DM, IHD (angina on moderate
exertion) and atrial fibrillation. He takes metformin, ramipril, statin, warfarin. He lives at home where his family help to
care for him. His current PSis 3 and he is an inpatient under our care. He presented with weight loss and chest discom-
fort. Oxygen saturation is 89% on air.

Radiologist

A CT scan reveals emphysematous lungs with a 6 cm central, necrotic left-sided pulmonary mass in the upper lobe,
invading the superior mediastinum with ipsilateral and contralateral mediastinal lymph nodes and also multiple liver
metastases.

Respiratory physician

A CT lung biopsy would give a tissue diagnosis —a bronchoscopy wouldn't be tolerated that well.

Radiologist

This could be very risky — a pneumothorax would be devastating for him given his emphysema.

Respiratory physician

What about a liver biopsy, then?

Radiologist

Also risky: he is anti-coagulated and his liver function could be deranged.

Lung cancer CNS (patient’s key worker)

Thisis afrail, elderly man who is unwell and who understands that he probably has advanced cancer. He and his family
are keen for him to get home as soon as possible to spend what time he has left with his family.

Oncologist

Why are we getting a biopsy in this patient? Clinically and radiologically, he has advanced cancer. Treatment options
are very limited: a short course of palliative radiotherapy could help his chest symptoms, but he may be better with
supportive care only. A biopsy would not change treatment decisions. He is not a candidate for systemic therapy. So
could we say that he has metastatic lung cancer based on clinical/radiological grounds and avoid the risks of a biopsy?
We can then have an open conversation with him and plan discharge at an earlier date.

Palliative care consultant

He's known to our team - he is not well and just wants to be home. His symptoms have improved with low-dose opi-
ates and prednisolone. If we agree that the plan is supportive care, we can start planning his discharge - organising a
biopsy would delay this.

MDT decision

No need for biopsy in this case: we do not need it to merely confirm that he has cancer - it may cause complications
and delay his discharge. Discharge is to be planned with involvement from the Community Palliative Care team. The
lung clinical nurse specialist will be his key worker.
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Box 4.2 Example dialogue from a lung MDT

Respiratory physician
The next case is a 48-year-old lady, a non-smoker with multiple bone metastases, liver metastases and a 5 cm periph-
eral lung mass. Her performance status is 2 and she has lost > 10% of her body weight.

Radiologist
Radiologically this may be a primary lung cancer - the upper lobe lung mass isn't typical of a metastasis, but it is hard
to be certain. There are also mildly enlarged cervical and axillary lymph nodes, more prominent on the right.

Oncologist

| agree - this could be a primary lung cancer, or it could be metastatic disease from another site. She is a non-smoker
and should be worked up for systemic therapy. We need a tissue diagnosis to help guide treatment decisions. Has she
had a breast examination?

Respiratory physician
She has - it was normal. She has no systemic symptoms apart from weight loss, so no clue from history regarding what
her primary cancer is. A bronchoscopy may not give a result: the lung mass is quite peripheral and in the upper lobe.

Lung cancer CNS (patient’s key worker)

She is desperate to find out her diagnosis as soon as possible and start treatment if possible.

Radiologist

| can do an ultrasound-guided FNA of a lymph node tomorrow - that would get an answer very quickly.

Oncologist

A good plan, but are we certain that the lymph nodes are malignant, or what if the FNA isn’t that cellular? We may not
getatissue diagnosis and would need to repeat a biopsy which would delay things for her.We also need to think about
tissue for IHC/molecular studies — we may not get this from an FNA.

Lung cancer (NS

We need a diagnosis on our first investigation to minimise delays and anxiety for her. What is the best way to get a
pathological diagnosis on our first attempt?

Pathologist

IHC may be essential to try and identify her primary, especially if this is an adenocarcinoma. This can be done on a cell
block from a cellular FNA, but is less reliable than a core biopsy. I'd prefer a good tumour sample for us to work with, so
a core biopsy would be best. It will help us to give you more information, if that is important for you clinically.

Oncologist

So — we need a core biopsy. We are not just doing this to confirm that she has cancer, but also to guide treatment
decisions. Molecular testing may also be essential, e.g. for EGFR or ALK/MET mutation testing, if this is metastatic lung
cancer. The question is what to biopsy?
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Box 4.2 (cont.)

Radiologist

likely to get a result.

Oncologist

mutations, please?

MDT decision

to support her.

The options are bone, lymph node, lung or liver. Of these, | think lung is probably the best: lowest morbidity and most

Ifitisalungadenocarcinoma on pathology/IHC, could it be sent straight away for genetic testing for specific activating

For core biopsy of lung mass, then re-discuss. Although this is probably metastatic lung cancer, it may not be. The
patient should stay in our MDT with the lung CNS as her key worker, until we have clear evidence that she should be
under the care of another MDT. Investigations will happen more rapidly and she will benefit from having a key worker

‘Minimum Datasets’) since 1998. These are compre-
hensive and informative documents covering almost
all cancer sites with an emphasis on practical handling
of the pathological specimen, dissection of different
specimen types and essential macroscopic and micro-
scopic features to list in the pathology report. They
also provide information on diagnostic coding, accur-
ate staging, audit and quality indicators. An example
of a recently updated data set is the second edition of
the Royal College of Pathologists data set for tumours
of the urinary collecting system (Shanks et al., 2013).
A cystoprostatectomy specimen report should have the
following items listed.

Macroscopic

o Location, size and extent of tumours.

o Extent of invasion into bladder wall (macroscopic
involvement of extravesical tissue by tumour is
automatically pT3b).

e Margin status.

o Location and number of lymph nodes and
measurement of tumour deposit in alymph node
ifapplicable.

Microscopic

o Type of tumour and grade (both WHO 1973
and 2004 grading schemes should be used).
Histological variants of urothelial carcinoma
should be noted, such as the micropapillary
variant, as it has a worse prognosis.

o Microscopic extent of invasion into the wall (as in
the TNM 7th edition).

o Presence or absence of lymphovascular invasion.

« Margin status (urethra, ureteric and
circumferential soft tissue).

o Lymph node status (total number examined,
number involved, size of largest deposit, presence
or absence of extracapsular spread).

o Background - carcinoma in situ, examination of
the prostate is performed - incidental finding of
prostate adenocarcinoma may be found (if present
this should be graded and allocated a tumour stage).

The above information is written as a ‘proforma style’
report with important prognostic information avail-
able and easy to read.

Boxes 4.1 and 4.2 show examples of dialogue
from a lung MDT which illustrate how pathological
information can guide the diagnosis and treatment of
patients.

Summary

It is essential for all members of the MDT to work
closely together and to understand the practices, lan-
guage and limitations of each other’s work. A sound
understanding of the principles of pathological
assessment of tumours is critical to this teamwork
and to high-quality patient care. Advances in patho-
logical/molecular testing alongside new, targeted
therapies in oncology have revolutionised prac-
tice, but have created challenges in that additional
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processes and more complex diagnostic pathways
have to be performed within tight time frames. It is
incumbent on all MDT members to manage these
challenges and to work well as a team to the best
advantage of our patients.
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Introduction

It is important to understand the basic techniques of
radiotherapy planning because these will help when
developing complex plans. These techniques, which
are taught at the First FRCR level (Royal College
of Radiologists), are used by the treatment centre’s
Physics Department for checking the validity of calcu-
lations before they are applied to patients, and anyone
interpreting plans will need to be familiar with them
to know whether it is worth adjusting treatment plans
during review. Advanced radiotherapy techniques will
be discussed in Chapter 6.

There are several useful reviews of radiotherapy
physics in the literature. One by Shiu and Mellenberg
(2001) includes sections on isodose planning. Another,
by Purdy (2000), providesa perspective on future direc-
tions in 3D treatment planning. Radiotherapy is a rap-
idly developing field and it is important to ensure that
new methods satisfy safety and effectiveness require-
ments before being adopted as routine treatments.

This chapter will deal with the general principles
of developing isodose plans that are suitable for treat-
ment and will use specific examples to highlight par-
ticular points. It will focus mainly on external beam
radiotherapy with megavoltage photons; there will be
shorter sections on the use of electrons and brachy-
therapy. Some aspects of radiotherapy planning using
lower energy (kilovoltage) photons will be discussed in
Chapter 36. The use of unsealed radiation sources for
prostate, thyroid and childhood cancers are discussed
in Chapters 22, 38 and 40, respectively.

Treatment planning overview

Radiotherapy planning can be divided into stages as
follows.

o Patient preparation, position and immobilisation.

Radiotherapy planning 1: fundamentals of
external beam and brachytherapy

Andrew Tyler and Louise Hanna

+ Localisation method (e.g. orthogonal films, CT
scanning, and image co-registration).

 Definition of target volumes and organs at risk.

o Radiotherapy technique, including beam
arrangements, beam energy, size and shape,
weighting, wedges and production of isodose plan.

o Prescription, including number of phases, dose,
energy and fractionation.

o Verification (i.e. checking the geometrical set-up
of the treatment). This can take place before
treatment in the simulator or CT simulator, and/or
during treatment using portal imaging.

Quality assurance (QA) is essential and it is of para-

mount importance for each member of the planning

team to be familiar with the overall process.

Patient position and immobilisation

For radiotherapy to be effective it must be delivered
accurately, and it is important to understand the
methods of immobilisation and the inevitable uncer-
tainties in the delivery of treatment. Patients must
be positioned to allow the optimum delivery of the
radiotherapy while maintaining comfort. Variables
include whether the patient is prone or supine, and
the position of the limbs or the neck. Radiotherapy
treatments that require unusual treatment positions
include total-body irradiation, when the patient
may lie in the lateral position with the arms in front
of the chest to provide lung compensation, and total
skin electron treatment, when the patient may stand
up, adopting the stance of a cross-country skier (one
arm and the opposite leg forward, the other arm and
leg back).

A wide variety of different immobilisation devices
exists. The most appropriate one (or combination)
depends on the position of the tumour, the need to

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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protect adjacent structures, and the treatment intent.
The following are some commonly used devices.

o Simple head, knee or ankle supports which help
to stabilise the patient. For patients who do not
have very mobile superficial tissues, treatments
can be delivered to within + 5 mm, providing that
a careful set-up, suitable reference points, and
calibrated couch movements are all used.

o Chest board with cross bar to fix the arms above
the head (e.g. for breast treatments).

o Vacuum bags offer customised support (e.g. for
limbs when it is necessary to support the limbina
position that allows access for beams).

o Vacuum-formed shells, moulded thermoplastic
shells (heated in warm water) or Perspex® shells
formed from individualised plaster moulds.

By using well-fitted vacuum-formed shells

for head and neck treatments, inaccuracies in
set-up can be reduced to within 3 mm. However,
vacuum-formed shells for other anatomical sites
do not usually give this reliability.

o Complete fixation devices such as stereotactic
frames with mouth bites give set-up accuracy to
within about 1 mm. These also require high-level
QA on treatment machines.

Itisimportanttobecertain thattheimmobilisation device
is effective. For example, one study looked at the use of
a customised immobilisation system (Vacfix® cushion)
for the treatment of the prostate, and the authors con-
cluded that the treatment accuracy was not improved
when compared with the conventional technique (using
standard ankle stocks) (Nutting et al., 2000).

Imaging the patient

Imaging the patient is essential to delineate gross
tumour volume (GTV), to design the clinical target
volume (CTV) and planning target volume (PTV), and
to outline critical structures in accordance with ICRU
reports 50 and 62 (ICRU, 1993, 1999).

(T simulation

A CT'simulator is one of the mainstays of 3D conformal
planning. It is typically a wide-bore CT scanner with
virtual simulation software (VSIM) and radiotherapy
accessories (e.g. flat couch, mounts for immobilisa-
tion devices, laser positioning, etc.). It provides precise
imaging and positioning information for the treatment
planning process.

Automatic electronic data transfer to a treatment
planning system is required to enable the treatment
calculation to be performed.

The wide bore, although theoretically providing
a slight reduction in image quality, allows patients to
be scanned in the treatment position and for reference
marks, from which treatments can be set up, to be iden-
tified securely.

CT scans are taken over a few seconds, whereas a
treatment fraction can take longer to deliver. Therefore,
normal patient motion, such as breathing, may be
‘frozen’ at any point in the cycle on the CT scan and
the expansion of the CTV to PTV must take this into
account.

The planning CT scan is usually taken using a slice
interval of 1.5-5 mm. The narrower the slice width,
the better will be the resolution in the digital recon-
structed radiograph (DRR). It is important to include
the proposed target volume and the organs at risk in
the scan to allow dose volume histograms (DVHs) to
be calculated.

Administration of intravenous contrast helps to
distinguish tumour from normal tissues. One example
of this is during planning for lung cancer. There has
been debate whether the use of contrast alters the dos-
imetry, but Lees et al. (2005) have found that it makes
little difference in dose computation. 4D CT where
a number of CT scans are taken at each phase of the
breathing cycleis also in common use (see Chapter 31).

For some tumour sites, such as the brain, MRI scans
are better than CT scans for delineating the GTV (see
Chapter 35).

Nuclear medicine

Although radiopharmaceutical imaging tends to be
used for diagnostic purposes, it is increasingly being
used to inform the treatment planning process, espe-
cially with the advent of positron emission tomog-
raphy (PET)/computed tomography (CT), where the
automatic co-registration of the images can be used as
a direct input into the planning process. Applications
which have been studied include brain, head and neck,
lung, lymphoma, GI, genitourinary (GU) and gynae-
cological cancers.

‘Conventional’ radiotherapy planning

Conventional radiotherapy planning has been largely
superseded by CT planning. The target volumes are
delineated on orthogonal X-ray images and then
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transferred onto an outline of the patient taken at one
or more levels. Alternatively, for some treatments using
simple beam arrangements such as a parallel opposed
pairoffields, thefieldbordersthemselvesare defined ona
radiograph or simulator image. These borders represent
the PTV with a small margin to take into account the
beam penumbra. Tissue definition, particularly for soft
tissues, is not clear when using orthogonal films.

Defining the target volumes

Standards

The publications ICRU 50 and ICRU 62 (ICRU, 1993,
1999) will be referred to throughout in this text.
Anyone taking part in the planning process should be
familiar with the terms defined within. As a brief recap,
the following terms are used to ensure that accurate
treatment records are kept (ICRU, 1993, 1999).

o Gross tumour volume (GTV) - the demonstrable
tumour.

o Clinical target volume (CTV) - the GTV and/or
suspected subclinical tumour.

« Planning target volume (PTV) - the CTV and a
margin for uncertainties, which may be systematic
or random, and are taken into account by:

o the internal margin (IM), which is added to
account for involuntary changes in the organs
that surround the CTV;

o the set-up margin (SM), which accounts for
the uncertainties and lack of reproducibility in
setting up the patient day by day.

o Treated volume - the volume enclosed by an
isodose surface, selected and specified by the
radiation oncologist as being appropriate to
achieve the purpose of treatment (e.g. tumour
eradication, palliation).

o Irradiated volume - the tissue volume that receives
a dose that is considered significant in relation to
normal tissue tolerance.

o Organs at risk (OARs) - critical normal structures
the radiation sensitivity of which may significantly
affect treatment planning and/or prescribed dose.

« Planning organ at risk volume (PRV) - the organs
at risk with a suitable margin to account for
movements and uncertainties in set-up.

Figure 5.1 shows tumour and target volumes as defined

in ICRU 50 (ICRU, 1993).

The target volume is delineated with all the rele-

vant clinical information available including medical

GTV

CTV

PTV

Treated volume
Irradiated volume

Figure 5.1 International Commission on Radiation Units volume
definitions. CTV, clinical target volume; GTV, gross tumour volume;
PTV, planning target volume. Redrawn with permission of the ICRU,
1993:1CRU Report 50. Prescribing, Recording, and Reporting Photon
Beam Therapy. Bethesda, Maryland: International Commission

on Radiation Units and Measurements; http:ICRU.org, accessed
January 2015.

history, pretreatment diagnostic and staging investi-
gation results, scan images, operation notes and path-
ology reports. The three volumes, GTV, CTV and PTV,
can be defined, together with the OAR and PRV. There
can be more than one OAR.

Any reduction in the treatment margins spares
more normal tissues and introduces an opportunity
for considering dose escalation for the tumour. When
margins are smaller, it becomes more difficult to be
sure that the tumour is being treated. Although the
treatment machine delivers radiation with an accur-
acy supported by elaborate QA, there are many other
uncertainties in the planning process, including our
inability to define microscopic disease.

Delineating the GTV

Delineating the GTV involves outlining the dem-
onstrable tumour. However, considerable variation
between GTVs has been observed among different
radiation oncologists (Logue et al., 1998; Weiss and
Hess, 2003). Discussion with the multidisciplinary
team, dedicated radiotherapy planning meetings and
involvement of a radiology specialist can facilitate this
process. For example, in the head and neck, the tumour
volumes may shrink during radiotherapy.

Growth from GTV to CTV

By definition, it is not possible to identify subclinical
disease by imaging or clinical examination. Individual
patient variation will add to the uncertainty (e.g. the
internal mammary chain lymph nodes lie between 1
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and 6 cm deep and up to 4 cm from the midline). Some
organs are more difficult to delineate than others, but
other imaging techniques such as magnetic resonance
imaging (MRI) may be helpful. Guidelines have been
produced for CTV definition in high-grade gliomas,
head and neck, and lung tumours (Gregoire et al., 2000;
Jansen et al., 2000; Senan et al., 2004; Apisarnthanarax
etal.,2006).

Forming the PTV

The dose delivered to the CTV or OARs will not be the
same as that shown on the plan if they are not in exactly
the same place duringall the treatments. Internal move-
ments are significant in the thorax, abdomen and pelvis.
For example, the prostate and seminal vesicles can move
with changes in the volume of the bladder or rectum,
up to a centimetre each way anterior-posterior (A-P),
and the CTV of tumours in the lung, particularly those
nearest to the diaphragm, will move during breathing.

o Changes in the position or size of the CTV (both
during and between fractions) must be taken into
account. These natural variations are inevitable,
but the size of the variation can to some extent be
estimated and accounted for. These form the IM.

o Uncertainties of patient set-up, alignment of
beams and so forth also need to be taken into
account; these make up the SM.

o The combination of these two margins around the
CTYV forms the PTV (ICRU, 1999).

o The uncertainties associated with these margins
have been estimated (BIR, 2003) and methods
of calculation have been introduced that ensure
that 95% of the prescribed dose covers the CTV in
90% of cases. The BIR (2003) document uses the
concepts of systematic and random errors, and,
as part of the document, some key examples by
clinical site provide excellent guidance.

o Options such as image-guided radiation therapy
(IGRT) and respiratory gating can be employed
to reduce the required margins. Techniques to
reduce tumour movement have been used in
thorax treatments such as breath hold, active
breathing control, or depressing the chest to
reduce the movement. Lung tumour motion can
be in the order of 2 cm during a normal breathing
cycle, depending on the lobe of the lung affected
(Seppenwoolde et al., 2002).

o Automatic growth tools on the planning
computer may help, but the mechanism should

be understood before using them and they should
always be used with care.

Delineating organs at risk

OARs are normal structures with a high sensitivity
to radiation and it is important that they are deline-
ated on the plan. Some, such as the spinal cord, may be
described as being ‘serial’ with a high ‘relative seriality’

Others such as the lung may be described as ‘par-
allel’ and have a low ‘relative seriality’ (ICRU, 1999).
Within some organs (e.g. the heart), there may be a
combination of serial and parallel structures.

The function of serial organs may be seriously
affected if even a small portion is irradiated above a
tolerance dose. The effect of radiation on the function
of parallel organs is more dependent on the volume
irradiated. For a serial organ, the accuracy of treatment
planning and delivery are important to ensure that tol-
erance is not exceeded. In a manner similar to the con-
struction of the PTV, a margin must be added to make
the planning organ at risk volume (PRV). In practice,
this applies most commonly to the spinal cord.

Principles of the isodose plan: photons
Basic beam data

It is important that the concepts of basic beam data

are understood. These are described briefly here, but

in detail in other texts (e.g. Williams and Thwaites,

2000; Khan, 2003). These topics are all covered in the

First FRCR course (RCR) and are discussed in ICRU

24 (ICRU, 1976).

Beam divergence. The width of the radiation beam
increases linearly with distance from the
treatment head.

Beam penumbra. At the edge of the radiation beam,
the dose reduces over the distance of some
millimetres. The penumbra is the distance
between the 80% and 20% isodoses. In general it
will be necessary to use a beam that is wider than
the PTV to allow the 95% isodose to encompass
the PTV.

Percentage depth dose. The dose is expressed as a
percentage of the maximum dose deposited by the
beam. This maximum dose occurs at a depth d,,.
With mega-voltage beams the dose is deposited by
secondary electrons, which travel primarily in a
forward direction. As a result there is build-up of
dose below the skin surface before d,, is reached.

max
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Build-up changes also occur at interfaces between
tissues of differing densities. In some centres the
tissue phantom ratio (TPR) or tissue maximum
ratio (TMR) is used instead of the percentage
depth dose because each is easier to use with
isocentric calculations.

Radial profile. The radial profile of a megavoltage
beam changes with depth due to the differential
hardening across the beam. This means that, if
an asymmetric beam is created, the shape of the
profile may also be noticeably asymmetric.

Changes with distance. As the distance from the
treatment machine to the patient increases, the
cross-sectional area of the beam increases because
of divergence. The inverse-square law causes the
intensity of the radiation beam to decrease but the
percentage depth doses below d,,, to increase.

Changes with field size. As the field size increases, the
central axis receives more radiation per monitor
unit because of increased scatter from the machine
head and within the patient.

Beam arrangements
Typical beam arrangements are as follows.

o Asingle beam is used for superficial tumours such
as skin cancers, or for tumours that are not at or
near the midplane (e.g. spinal tumours having
palliative treatment).

o For two beams, opposing beams are used for
palliative treatments or for treatments in sites that
have a relatively small separation, such as head and
neck, breast and limbs;

o non-opposing beams, for example, are set
at right angles to the floor of the mouth and
the maxillary antrum. Wedges are needed
to reduce the inhomogeneities that arise in
this situation. If the external contour of the
patient is irregular in all directions around the
central axis of the beam, then external tissue
compensators or ‘field-in-field’ techniques
using multi-leaf collimators (MLCs) will
probably be required.

o Combinations of beams are usually used for
radical treatments in sites such as the chest, pelvis
and brain, where the use of multiple beams spares
adjacent normal tissues.

It is also important to understand beam weighting
so that the relative proportion of dose delivered to the

tumour from each beam can be adjusted (Williams and
Thwaites, 2000).

Choosing beam directions

For conventional planning the choice of beam direc-
tions will depend on the treatment intent and the loca-
tions of the PTV and OARs. For example, with radical
oesophagus treatments, delivering the dose entirely by
anterior and posterior parallel-opposed fields would
exceed spinal cord tolerance. Similarly, using oblique
laterals instead of the posterior beam would cause an
excessive dose to the lungs. A two-phase technique that
combines both of these approaches can prevent toler-
ance doses from being exceeded. In prostate planning,
an anterior beam is combined with two wedged lateral
fields. Useoflateral fields, rather than posterior obliques,
allows beam shaping to be more effective in reducing
the dose to the rectum. In head and neck treatments,
the exit beams should avoid such critical structures as
the contralateral eye and spinal cord. When performing
IMRT/VMAT planning, different rules apply.

Treatment plans can frequently be improved with
the use of non-coplanar beams, which can improve the
dose distribution in the PTV and reduce the dose to
organs at risk. Non-coplanar beam arrangements can
be achieved easily by linear accelerators, by rotating
the table and the gantry, but it is important to ensure
that the beam direction can be achieved (e.g. there is
no collision between the treatment head and the couch
or the patient). Non-coplanar beams are particularly
useful in central nervous system and head and neck
treatments.

Isodose shapes for combinations of beams

The directions of the beams will influence the shape of
the treated volume. By tracing the edges of the beams, it
is possible toidentify the general shape of the high-dose
volume, provided that the beams are well balanced and
that there is a homogeneous dose distribution across
the PTV. In Figure 5.2, the treated volume in the plane
shown will be approximately the hexagon enclosed by
the beam edges.

It is important to identify potential regions of
hot and cold dose. The global hot spot in a balanced
multi-beam treatment is likely to lie close to the centre
of the treated volume.

There are occasions when it may be difficult to pre-
vent the dose to the PTV from dipping low. Examples
include the following:
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Beam 2

Beam 1 Beam 3

Figure 5.2 Beam edges creating the edge of the treated volume.
In the scenario presented here, there are three beams (beams 1,2

and 3). The shaded area represents the volume which received the
highest radiation dose, and it is formed by the edges of the beams.

o The superior and inferior (S-I) ends of a coplanar
plan because of the lack of dose scattering into the
volume from outside the beams.

o When a wedged pair is used (e.g. with an
anterior and a lateral field), it is common for the
postero-medial aspect to be underdosed. It is
possible to top up the beam with a small amount
of dose from the contralateral side, but this
obviously has implications for the dose to normal
tissue on that side. Outside of the treated volume,
the greatest doses for this type of plan will lie
underneath the thin ends of the wedges.

Use of a field-in-field technique, where regions of

underdose are topped up with small beamlets, can help

to reduce inhomogeneities of dose.

Beam modifications: shape, wedges and
tissue compensators

Beam shaping

Shaping the beam around the PTV spares more nor-
mal tissue. For example, randomised trials of pros-
tate treatments have shown that the use of conformal
radiotherapy reduces rectal toxicity compared with
non-conformal treatments, and this has led to stud-
ies of dose escalation for improving local control
(Dearnaley et al., 1999).

Traditionally, low-melting-point alloy blocks have
been shaped individually for each field for megavolt-
age treatments, but in many cases field shaping can be
achieved with MLCs. Making low-melting-point alloy

blocks requires time and handling of heavy and haz-
ardous substances. The conformity achieved by MLCs
is limited by the width of the leaves and their direction
of movement. A potential problem is leakage between
the abutted leaf ends; this can be reduced if the main
collimator jaws are positioned as far as possible over
the leaf abutments (Klein et al., 1995).

Wedges

Wedges are used in two situations where there is an
unwanted dose gradient that is relatively uniform in
one direction:

o Toactasa tissue compensator for a sloping
external surface (see discussion of surface
obliquity that follows).

o To even out the dose when two or more beams
intersect, in order to avoid hot and cold spots
within the treated volume.

Surface obliquity

Surface obliquity will cause isodoses to tilt in the
same directions as the surface. If the obliquity occurs
only in one direction, it can be corrected for by pla-
cing a wedge in the beam. If it occurs in both the
S-I and A-P directions, then it may be necessary to
consider using a custom-built tissue compensa-
tor. Tissue compensators are used most frequently
in head and neck treatments. They can also be used
in other situations, such as 3D radiotherapy of the
breast, although they will be needed less often in the
future as advanced radiotherapy techniques such as
IMRT develop.

Calculation cycle

Everybody involved in a patient calculation should
know the whole calculation process and where each
factor is applied in their own department, even if many
of the factors are applied by the planning computer
programs. The method of calculation varies from cen-
tre to centre, depending on how the factors are defined,
and it is not possible to go through each variation in
this chapter. Because of this, it is important to be famil-
iar with the local method before starting any calcula-
tions involving patients. Factors (and their relative
values) that need to be understood follow (Williams
and Thwaites, 2000).

o Percentage depth dose (PDD) or tissue maximum
ratio (TMR).
 Inverse-square law.
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o Wedge factor.
 Field size (output) factor.
o Accessory factors (e.g. trays).

Using a 3D planning system

Production of the isodose plan

With a 3D planning system, the target volumes and
PRVs can be delineated individually on each slice of
a cross-sectional imaging study such as a CT scan.
Software can allow co-registration of images from
other modalities such as MRI or PET. After identify-
ing the relevant volumes, it is then possible to simulate
the positions of treatment beams and shielding and to
use algorithms to calculate and display the resulting
isodose curves.

The respective doses to the PTV and PRV can be
displayed in the form of a DVH, which is a line graph
showing the proportion of the volume that receives
at least a specified dose of radiation. DVHs are a con-
venient way of comparing different planning solutions
for the same tumour in order to select the best dose
distribution.

Data from the planning process can be used to
create a ‘beam’s eye view’ (BEV) image of the treat-
ment fields, which can be superimposed on the digital
reconstructed radiograph and used for verification
purposes.

Selection of the ICRU reference point

The recommendation for reporting doses is based

on the ICRU reference point. According to ICRU 50

(ICRU, 1993), the reference point is selected according

to the following criteria.

o The point should be clinically relevant and
representative of the dose throughout

the PTV.

o Itshould be easy to define in a clear and
unambiguous way.

« Itshould be selected where the dose can be
accurately determined.

o Itshould be selected in a region where there is no
steep dose gradient.

In practice, the ICRU reference point is often at the iso-
centre or at the intersection of beams, but sometimes
this is not possible, in which case it should be selected
to be in a place where dose specification is considered
meaningful.

Inhomogeneities of density

When organs are of different densities, there will be
changes in the penetration of the beam. For example,
the dose in a central organ, such as the oesopha-
gus, from a beam passing through an aerated lung
can increase by as much as 15% when a correction is
applied. This is because in a well-aerated lung, the extra
penetration of the beam is usually slightly greater than
2% per centimetre of the lung traversed. In contrast,
bones tend to have little effect on the dose; dense bone
tends to lie in thin layers, and the core of long bones is
almost unit density. Artificial hips are very high density
and they can create particular problems during plan-
ning. In addition to the artefacts seen on CT imaging,
the planning algorithm may not be able to correct
properly for the very-high-density material. It is best to
avoid passing beams through metal objects if possible.

Treatment planning systems will make corrections
for changes of density pixel by pixel, by using the CT
values. Nearly all planning systems will estimate these
effects, but some of the so-called 3D planning systems
still use 1D corrections, which means that only the pri-
mary beam is corrected. This can lead to uncertainties
in dose when adjacent structures have different dens-
ities, because changes from scatter contributions will
be significant. Many systems use a 2D correction which
does reduce some of this uncertainty, but routine clin-
ical use of a full 3D correction as given by Monte Carlo
simulation is still some way off because of the very large
computing power required.

Doses to organs at risk

Outside the PTV, significant volumes of normal tissue
are irradiated to a high dose, and they would benefit
from receiving a smaller dose. The OAR dose often lim-
its the highest dose that can be delivered to the tumour.
In general, it is best to try to avoid letting any part of
the beam pass through an OAR, and skilful use of the
beam edge and beam direction can often ensure that
the beam passes through the PTV but avoids an OAR.
However, it is not always necessary to avoid an OAR
completely. For example, in the thorax it may be appro-
priate to pass a posterior beam through the spinal cord
to reduce lung dose and meet the appropriate DVH
constraint. If one or more beams exit through an OAR,
itis important to check the tolerance doses carefully.
In addition to choosing appropriate beam direc-
tions, itisalso possible to use wedges to reduce the doses
in sensitive structures. For example, in Figure 5.3, a
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Figure 5.3 Drawing dose away from sensitive structures using
wedges. A steep wedge angle on the lateral beam allows an extra
dose to be given from the anterior beam, and can be used to spare
a structure such as the contralateral eye or brain, but obviously at a
cost of dose to the deeper structures posterior to the target volume,
which could include the brain stem. WA, wedge angle.

steep wedge angle on the lateral beam allows extra dose
to be given from the anterior beam, and this can be
used to spare a structure such as the contralateral eye or
brain, but obviously at a cost of dose to the deeper pos-
terior structures which could include the brain stem.

Matching adjacent beams in complex treatments

Sometimes beams need to be adjacent to each other,
for example, in combined breast and supraclavicular
fossa radiotherapy, or craniospinal axis treatments.
When two diverging beams are adjacent to each other,
there will be an overlap and a potential gap, depend-
ing on the depth at which the beams meet. Various
methods have been used to minimise any variations
in dose that occur when beams are matched together.
However, care must be taken because, although it is
possible to produce what looks like a perfect plan with
perfect junctions between the beams, patients can
move between treatments even when they are in an
immobilisation shell.

For craniospinal treatments, the junction can be
moved twice during treatment to spread the effect of
any uncertainty in positioning.

Other ways of minimising dose variations at junc-
tions include half-beam blocking or couch rotations,
both of which can compensate for the effect of beam

divergence, but the possibility of patient movement
during treatment must still be considered.

When treating neck nodes with conventional
radiotherapy, it is sometimes necessary to have an
electron field next to a photon field, which can pose
even more difficulties because the shapes of the isodo-
ses are completely different. One solution has been to
increase the number of photon fields with the inten-
tion of trying to avoid using the electron fields. This
type of treatment is a prime case for advanced radio-
therapy planning with intensity-modulated radiation
therapy (IMRT).

Verification

Verification of the planned treatment

The treatment actually delivered will differ from that
which has been planned because of set-up errors and
internal movements during and between fractions. If
possible, it is best to minimise these effects by care-
ful immobilisation and the use of accurate and stable
marks for beam set-up.

Otherwise, movements may require online mega-
voltage portal imaging or use of a kilovoltage CT
imager attached to the linac gantry. Ultrasound-based
guidance can also been used for prostate treatments.

Validity of the set-up

Indexed positioning, using identical simulation and
treatment couches, has been developed to aid in quick
and repeatable set-ups. Although portal imaging helps
to verify the set-up in relation to bony landmarks, the
organ of interest may not show up on the image, and
internal organs may move during the course of treat-
ment. A prostate gland can move more than 5 mm in
7 minutes; therefore, the position of the prostate can be
significantly different from the time of scan to the time
of treatment (Padhani et al., 1999). Implanted mark-
ers, such as gold grains (e.g. in the prostate) which can
be monitored on the portal image, have been shown
to improve the accuracy of treatment set-up (Shimizu
et al., 2000).

The treatment position can be verified before treat-
mentby using a simulator or CT simulator, and/or dur-
ing treatment by using megavoltage portal imaging or
kilovoltage CT imaging. By taking serial images it is
possible to judge whether a set-up error is systematic or
random. Correction of set-up errors by moving treat-
ment fields should only be carried out for systematic
errors, unless the movement is done on a daily basis
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as required and as part of an online IGRT strategy. See
Chapter 6 for a further discussion of IGRT.

Verification of treatment dose

If the CTV receives less than the intended dose then
therisk of recurrenceislikely to increase. For example,
as beam conformity increases, there may be a greater
risk of a recurrence at the edge of the treatment field.
It will become increasingly important to identify the
position of recurrence within the PTV in conformal
radiotherapy. At present, thermoluminescence dos-
imetry (TLD) is the only practical method of in vivo
dosimetry, but it is usually used only at the skin sur-
face. There is interest in evaluating electronic portal
imaging devices to measure exit doses, which may
provide some verification of the dose received from
each portal.

Quality assurance of treatment
planning systems

Reducing treatment errors

To treat patients safely, technical quality is essen-
tial but not enough: QA of the clinical process is
also required. Systems such as ‘Quality Assurance in
Radiation Therapy’ (QART) should be put in place to
ensure overall control of the activities in the radiother-
apy department (Kehoe and Rugg, 1999). In the UK
it is a requirement for radiotherapy services to have a
Quality Management System (e.g. ISO9000: 2008) and
for all staff to be engaged with this. Towards Safer
Radiotherapy provides a comprehensive overview of
how to develop a risk aware culture and is now used as
the basis of radiotherapy incident reporting (The Royal
College of Radiologists et al., 2008).

Increasing the complexity of treatments does not
necessarily result in more treatment errors; automated
data transfer and automated set-ups have considerably
decreased errors without increasing treatment times.
However, increasing the complexity of manual treat-
ments does lead to more errors.

Modern 3D treatment planning systems provide a
wealth of information which was previously not avail-
able, such as the density of internal body organs and
DVHs, but using this information also needs careful
QA to ensure that the data are valid (Purdy and Harms,
1998). New tests and phantoms have been designed
to investigate the non-dosimetric functions of these
systems.

Commissioning 3D treatment planning systems
involves a large number of quality checks, including
testing the reliability of the transfer of body outlines,
of the values for tissue density and of the projection
of reconstructions. ‘TG53’ is an important document
produced by a topic group of the AAPM Radiation
Therapy Committee which describes all the tests to
be considered when commissioning a treatment plan-
ning system (Fraass et al., 1998). Care needs to be taken
when introducing what seem to be simpler treatments
such as replacing physical wedges with dynamic ones.
Implementation into the planning systems is compli-
cated and entails significant QA before use in a clinical
setting.

Other tools such as the DVH used in 3D plan-
ning can cause errors if they are not used correctly.
For example, if the number of dose points used to
form the DVH is low, this will give a false volume, or
if there is a high dose gradient within a volume, the
computer may be unable to evaluate the dose within
that volume. Also, it may not be appropriate to define
some organs (e.g. hollow structures like the rectum)
simply by delineating their outer surface.

Itisexpected thatthe doseunder MLCswillincrease
because of leaf penetration and interleaf leakage, but if
the back-up collimators can be used, then the jaws will
provide extra shielding and reduce the peripheral dose
at these points.

Verification systems have helped the treatment
process but, to reduce the risk of errors, further auto-
mation of data transfer is essential.

Critical analysis of treatment plans

Using the basic principles discussed earlier, the qual-

ity of a treatment plan can be reviewed and deci-

sions can be made about whether to improve the
distribution or whether a compromise must be made
between delivery of the dose to the PTV and that to
the adjacent OARs.

Three principles, backed up by ICRU 50, provide
the basics for this analysis.

Homogenous dose to the PTV. When the dose is
prescribed at the ICRU reference point (typically
the crosspoint of the beams), the highest dose in
the PTV is usually considerably less than the +7%
maximum described in ICRU 50. However, it may
be more difficult to ensure that the PTV is covered
by the 95% isodose while not irradiating too much
normal tissue.
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Organs at risk. The plan should be designed to
avoid overtreating any dose-limiting organ, but
sometimes a compromise may have to be made,
which will limit the overall delivery of dose to
the PTV.

Other normal tissues. The high dose volume in the
PTYV should fall off rapidly in normal tissue. When
the correct choice of energy and beams is used, the
doses in normal tissue are not usually a problem,
but there will always be higher doses at the entry
points of the beams. The exit sites of all beams
should be checked carefully to ensure that the dose
to sensitive tissues is at a safe level.

Examples of plans that require
improvement

Figure 5.4 shows two different plans for a two-field
treatment for radical radiotherapy treatment for car-
cinoma of the larynx. In example (a), two lateral beams
are used and the PTV dose homogeneity is not ideal,
because of the oblique skin surface. The solution,
shown in example (b), is to use fairly small-angled
wedged beams (~15°) to act as tissue compensators.
However, care must be taken here because any changes
in the patient’s contour in the S-I direction will not be
accounted for, and a full compensator may be needed.
Figure 5.5 shows two different plans for a 3D con-
formal treatment with radical radiotherapy to the pros-
tate. In plan (a), the 95% isodose lies considerably outside
the lateral margins of the PTV. The solution to this prob-
lem is to make the anterior beam narrower, as shown in
plan (b). Note that the DVHs for the PTV and rectum in
both plans are identical. This shows that it is important to
look at both the plan and the DVHs. This three-field plan
requires 60° wedges on the lateral beams to compensate
for the dose gradient caused by the anterior beam. The
plan also illustrates the importance of using the correct
beam direction. Usinglateral beams rather than posterior
obliques allows for greater sparing of the rectum, because
the beam edge is used to try to provide the maximum
dose gradient between the prostate and the rectum.
Figure 5.6 shows two plans for a 3D conformal treat-
ment with radical radiotherapy for carcinoma of the
bronchus delivering 55 Gy in 20 fractions. In example (a),
all three beams pass through the spinal cord, and cord
toleranceis exceeded. A solution is shown in example (b),
where the posterior beam has been moved to a posterior
oblique direction and the anterior oblique beam has been
moved morelaterally. Asaresult, only the exitbeam from
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Figure 5.4 Two different plans for a radical radiotherapy
treatment for carcinoma of the larynx treated with lateral opposed
fields. In example (a), two lateral beams are used and the PTV dose
homogeneity is not ideal, because of the oblique skin surface. The
solution, shown in example (b), is to use fairly small-angled wedged
beams (~15°) to act as tissue compensators (see text for further
explanation).

the anterior direction passes through the spinal cord and
the dose is now within tolerance. Note also that, by exit-
ing through the cord, the anterior beam avoids the lung.
Part (c) shows that the DVH for spinal cord is signifi-
cantly better for plan (b), and although the lung DVH is
worse for plan (b) it is still well within acceptable limits
(V20 ofless than 35%).

Electrons

Electron beam isodoses have a shape that is signifi-
cantly different from that of photon beams. The fairly
homogeneous dose distribution close to the surface
and rapid fall-off at depth make electron doses ideal
for treating superficial tumours. The reporting of elec-
tron doses should follow ICRU 71 (ICRU, 2004) in a
way similar to that for photons. Figure 5.7 shows an
electron isodose for an 18-MeV electron beam.
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Figure 5.5 Two different plans for radical radiotherapy to the
prostate treated with an anterior and two lateral fields. In example
(a) for treating the prostate, the 95% isodose lies considerably
outside the lateral margins of the PTV. The solution to this is to make
the anterior beam narrower as shown in example (b). The DVHs for
both plans are shownin (c). See text for further explanation.

Care is required when using electrons:

 high-dose treatment isodoses tend to pinch in,
especially with small fields;

o low-doseisodoses tend to spread out and can
impinge on local OARs; and

o abolusis often required to increase the dose at the
skin surface. The thickness of the bolus will need
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Figure 5.6 Two plans for radical radiotherapy for carcinoma

of the bronchus. In example (a), all three beams pass through
the spinal cord and because of this, cord tolerance is exceeded.
A solution is shown in example (b), where the posterior beam
has been moved to a post-oblique direction and the ant-oblique
beam has been moved more laterally. PRV, planning organ at

risk volume; PTV, planning target volume. See text for further
explanation.

to be taken into account when deciding on the
electron energy.

The uncertainties are much greater than in photon
beam treatments:
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Figure 5.7 Isodosesfora6x6cm 18 MeV electron beam. Note
how the higherisodoses become narrower with depth, while the
lower isodoses become wider.
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Figure 5.8 Isodosesfora 10 x 10 cm 12 MeV electron beam which
has an aluminium (Al) insert. Note the hot spot. The isodoses have
been normalised to the d,,,,, of a beam with no insert.

« skin apposition rather than point placement of
beams is used for set-up (cf. isocentric setups for
photons);

o non-standard air gaps between the applicator and
patient will affect the scattered dose;

o oblique surfaces will significantly alter the
isodoses; and

« inhomogeneities within the patient such as
air gaps or high-density structures may cause
unexpected hot and cold spots as demonstrated
in Figure 5.8, where an aluminium sheet has been
placed in the phantom.

Brachytherapy
Introduction

Brachytherapy is radiation treatment given by placing
a radioactive source near or in the target (usually a
malignant tumour). It is possible to deliver a high dose
of radiation to the target while sparing adjacent normal
tissues; therefore, brachytherapy is a highly conformal
type of therapy. It is also often accelerated radiother-
apy. Tumours suitable for brachytherapy must be
accessible, of moderate size, and able to be delineated.

Brachytherapy treatments are described according
to the position of the radioactive source in relation to
the body.

o Interstitial - in the target (may be permanent, as in
iodine seeds, or temporary, as in iridium wires).
o Intracavitary - in a body cavity.
o Intraluminal - into a lumen.
o Intravascular - into an artery.
o Surface applications.
For radiation protection purposes, non-radioac-
tive guides are placed first whenever possible, fol-
lowed by ‘afterloading’ of the radioactive source.
Afterloading may be either manual or remote, but
there is an increasing trend towards the use of remote
after-loading.
This section will describe the broad principles of
brachytherapy. For more detail, the reader is referred
to more comprehensive texts (see Further Reading).

Isotopes

The properties of some radionuclides used in brachy-
therapy are shown in Table 5.1.

Dose rates
The International Commission on Radiation Units and
Measurements report 38 (ICRU, 1985) classified radi-
ation dose rates at the point or surface where the dose
is prescribed into low, medium and high, which have
important differences in their radiobiological effects.
o Lowdoserate (LDR): 0.4-2 Gy/h. N.B. dose may
need to be modified if it exceeds 1 Gy/h.
o Medium dose rate (MDR): 2-12 Gy/h.
o High dose rate (HDR): > 12 Gy/h.
As the dose rate increases, it is necessary to reduce
the total dose and fractionate the radiotherapy to avoid
unacceptable late tissue damage.
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Table 5.1 Properties of some radionuclides used in brachytherapy

Approximate Average photon
Isotope half-life Disintegration energy (keV) Types of source
Caesium-137 (1¥7Cs) 30.2 years B,y 662 Needles, tubes,
afterloading
Iridium-192 ("2Ir) 74 days By 380 Wires, pins, plaque,
afterloading
Cobalt-60 (°°Co) 5.3 years B,y 1250 Needles, tubes,
afterloading
lodine-125 ('2°1) 60 days CE,CXy 28 Seeds
Palladium-103 ("°Pd) 16.9 days CX 20-23 (mean 21) Seeds
Ruthenium-106 ('°°Ru) 374 days B 3541 Plague

CE, conversion electron; CX, characteristic X-ray photon.

Pulsed dose rate (PDR) is a hyperfractionated
form of brachytherapy that uses remote afterload-
ing and a single high-activity source that is stepped
through dwell positions within the catheters to provide
a multiple-fraction high-dose-rate treatment. It may
act as an alternative to low-dose-rate brachytherapy,
although differences in relative biological effectiveness
must be taken into account.

Dosimetry

The radiation dose delivered to the tissues is pri-
marily determined by the activity of the source, the
length of time that the sources are in place, and the
inverse-square law (dose is proportional to the inverse
square of the distance from the source). Traditional
methods of dosimetry use rules to govern the config-
uration of radiation sources and methods to calculate
the dose received by the tissues.

Paris system

The Paris system was based on experience in the use of
iridium-192 wires (Pierquin et al., 1978). Rules for the
Paris system are as follows.

o Thelinear activity of the sources must be uniform
along the full length of the source and identical for
each source.

o The radioactive sources must be linear, parallel
and straight, and their centres must be in the
same plane perpendicular to the direction of each
source, which is called the central plane.

o Inanimplant all the sources must be separated
equally from each other, but the source separation
may vary from one implant to another.

o The separation between the sources may vary
between implants, but the separation should be
0.8-2 cm.

o For volume implants the array of the source
intersections in the central plane should be either
in an equilateral triangle or a square configuration.

+ The average length of the source should be 25-30%
longer than the target volume, per uncrossed end.
The dose is calculated as follows.

o The basal dose rate is calculated in the central
plane of the implant and is the arithmetic
mean of the local minimum dose rates.

o The reference dose rate is calculated as
85% of the basal dose rate and is the dose
rate used for the tumour prescription and
calculation time of the implant. The isodose
surface that corresponds to the reference
dose rate is called the reference isodose and
this must encompass the PTV. For this to
occur, the radiation sources must be longer
than the PTV, unless the ends are crossed as
in iridium hairpins. The volume enclosed in
the reference isodose is known as the treated
volume.

Manchester interstitial system

The Manchester interstitial system was based on experi-
ence in the use of radium sources and is also known
as the Paterson-Parker system (Meredith, 1967). Its
rules governed the distribution of radiation sources
for different configurations including planar implants,
volume implants and moulds. For further details, see
Meredith (1967).
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Gynaecological brachytherapy

For treating cervical cancer, in the Manchester sys-
tem, the applicators are configured as a central uter-
ine tube and two vaginal ovoids, with packing or a
rectal retractor to push the rectum away from the
high-dose volume. The resulting isodose distribution
is a pear-shaped volume encompassing the uterus, cer-
vix, paracervical tissues and upper vagina. The radi-
ation dose is specified at point A, which is 2 cm lateral
to the centre of the uterine canal and 2 cm above the
lateral vaginal fornices (this latter level is sometimes
described as the level of the cervical os or the level of
the flange at the base of the intrauterine tube). Point
B is 5 cm lateral to the midline at the level of point
A. Other reference points are specified by ICRU 38
(ICRU, 1985), including the bladder and rectal points,
which can be defined on the anterior and lateral radio-
graphs. Reporting doses to these points allows com-
parison between centres.

New imaging techniques, computerised treatment
planning and optimisation have opened new pros-
pects for individualised treatment and reporting dose
to OARs as described in the GEC ESTRO guidance
(Potter et al., 2006). The use of remote afterloading and
CT and MRI planning with the treatment applicators
in place has led to the development of image-guided
brachytherapy, of which there are four defined levels
(The Royal College of Radiologists, 2009).

1. Accurate verification of applicator position.

2. Accurate definition of normal tissue dosimetry.

3. Opportunity for conformal dose distributions to
tumour volume and OAR.

4. Opportunity for dose escalation.

Isotopes used for gynaecological brachytherapy
include caesium-137 for low and medium dose rate
treatments or cobalt-60 and iridium-192 for high dose
rate treatments. Remote afterloading is typically used.
Brachytherapy for gynaecological cancer is discussed
further in Chapters 26-28.

Brachytherapy procedures

Indications for brachytherapy include the following.

o Primary radical treatment (e.g. small tumours of
tongue, floor of mouth, prostate).

o Treatment in combination with external beam
radiotherapy.

o Treatment in combination with surgery (e.g.
intraoperative sarcoma treatments).

o Re-irradiation within a previously treated volume
(e.g. second primary tumours or locally recurrent
tumours).

o DPalliative treatments (e.g. bronchus, oesophagus).

o Benign conditions (e.g. keloids).

In the UK, the most widespread use of brachyther-
apy is for gynaecological cancer, head and neck cancer
and, increasingly, prostate cancer. Brachytherapy for
ocular melanoma is discussed in Chapter 37.

Practical steps in brachytherapy:

o the treatment is preplanned to determine the
tumour volume, the target volume, the technique
and the number/size of radiation sources required.
An appropriate radionuclide is selected;

o the implant procedure itself takes place under
general or local anaesthetic;

o with afterloading techniques, the guides for the
active sources are placed first;

o the position of the sources is verified (e.g. using
orthogonal X-rays, CT, MRI, ultrasound);

o the treatment time is calculated;

 theactive sources are then placed;

o once the implant is complete, the radiation sources
are removed, followed by the applicators.

ICRU 58 recommends that the brachytherapy treat-
ment be reported in a standardised way, including
information on target volume, description of sources
and technique, dose prescribed and a description of the
high- and low-dose volumes (ICRU, 1997).

Optimisation

Use of cross-sectional imaging, computer planning
systems and treatment machines with moveable step-
ping sources allows the radiation oncologist to define
the target volume, obtain dose volume histograms and
achieve the best dose distribution. The dwell times for
the source can be varied at different positions, enabling
the dose to conform more accurately to the target vol-
ume. However, it is still important to take great care in
positioning the brachytherapy sources, because opti-
misation cannot make a bad insertion good.

Quality assurance and radiation protection
in brachytherapy

Local rules and systems of work must be drawn up that
enable the centre to comply with current legislation.
These rules include source storage and preparation,
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written systems of work for staff entering controlled
radiation areas and contingency plans for emergency
situations such as source sticking. On receipt of a radi-
ation source, checks should be carried out that include
independent measurements of the activity of the source
and tests for leakage.

The quality of calculation methods needs to be
properly ensured and a regular quality control pro-
gramme should be in place. For computerised sys-
tems, this is especially important so that the transfer of
patient image data and the validity of the data and cal-
culations are verified. Any equipment used to measure
the actual delivered dose needs to be calibrated against
arecognised standard.
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Introduction

Recent advances in technology have enabled more
complex radiotherapy to be delivered routinely and
the use of stereotactic or modulated techniques have
become standard for many indications. These devel-
opments allow the radiation dose to conform more
closely to the planning target volume (PTV) while
more effectively avoiding normal tissue. This can allow
the dose to be escalated without increasing the risks of
normal tissue toxicity.

Some of these techniques require specialised
machines, described later in the chapter, and recently
there has also been interest in modifying conven-
tional linear accelerators to achieve the same aim. For
instance, the increased use of cranial stereotactic tech-
niques for both malignant and non-malignant indica-
tions has led both to an increase in specific machines
and to the development of linear accelerators which
deliver advanced radiotherapy to both cranial and
extracranial sites. Rotational therapy, a technique
that was used by some centres in the 1960s, has been
‘rediscovered’ and, when combined with the modu-
lated techniques of conventional intensity-modulated
radiotherapy (IMRT), has led volumetric-modulated
adaptive therapy (VMAT), delivering radiation in a
way similar to tomotherapy.

Advances in imaging have also contributed to
radiotherapy development. For example, use of pre-
treatment MRI or PET scans can help to define plan-
ning target volumes, and cone beam CT scans during
treatment can check on internal organ movement and
set-up accuracy. The ability to fuse’ these images with
the CT planning scan has greatly assisted both radio-
therapy planning and treatment delivery.

Radiotherapy planning 2: advanced external
a beam radiotherapy techniques

Intensity-modulated radiation therapy

Introduction

IMRT is a technique which uses beams that, unlike the
flat or wedged beams of conventional RT, have chan-
ging dose intensity across them, as shown in Figure 6.1
(Webb, 2003; Bortfeld, 2006). Modulation was origin-
ally produced by using low melting point compen-
sators, but is now usually generated by moving the
multi-leaf collimators (MLCs) during ‘beam on’ time.
The aim of this is to build up the desired dose distri-
bution by producing appropriately modulated beams.

The basic principle of IMRT can be seen in
Figure 6.2, which shows three modulated beams to
cover a PTV with an isodose distribution that wraps
around the organ at risk (OAR) and conforms well
to the target volume. In practice more beams, usu-
ally between 5 and 9, are needed to give an acceptable
distribution.

Modulated beams are generated by using beams
composed of many different sized segments, each of
which has the MLCleaves in a different position, build-
ing up an intensity profile as shown in Figure 6.3. This
shows a very simple two-segment beam and the inten-
sity profile created by adding the intensities of the two
segments together. IMRT can be delivered in one of
two ways. In ‘step and shoot’ IMRT, the beam is turned
on for the first segment, turned off while the leaves
move to the next position and turned on again when
the leaves reach their planned positions. So the treat-
ment is analogous to a multi-beam conventional tech-
nique and it is easier to commission and calculate doses
during treatment planning. In ‘sliding window” IMRT,
the beam remains on while the MLCs move, enabling

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.



6: Radiotherapy planning 2

=z
G

Intensity
Intensity

Position Position

Figure 6.1 Intensity profiles of a standard beam (a) and an IMRT
beam (b).

95% Isodose
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Figure 6.2 Schematic diagram of an IMRT plan showing how

the intensity of the beams is modulated to produce an isodose
distribution that covers the PTV and ‘wraps’ around an organ at risk.
OAR, organ at risk; PTV, planning target volume.

a smoother intensity profile more closely matching the
one planned. However, dose calculation and plan veri-
fication are more problematic.

Inverse treatment planning

In conventional treatment planning (forward planning)
the planner selects beam angles, weights, wedges and
other planning parameters and adjusts them until the
dose distribution is appropriate. An experienced plan-
ner can optimise parameters and produce a deliverable
plan quite quickly.

With intensity modulation, because the number of
possible MLC positions and beam angles is so great,
it is very difficult for the planner to determine pro-
spectively what combination of beams and segment
sizes will produce the optimal plan. Therefore, inverse
planning techniques are used, starting with the planner
describing the required dose distribution by defining
points on a dose volume histogram (DVH) curve, and

thenamodulein the treatment planning system (called
the optimiser) determines the modulations needed to
produce the optimal treatment plan.

Figure 6.4 shows the DVHs of a plan produced
using inverse optimisation. The planner has set PTV
dose-volume constraints shown by the triangular
marker pointing to the right, which shows the desired
minimum dose, and the triangular marker pointing
to the left, which shows the desired maximum dose.
Ideally, the DVH curve for the PTV will lie between
the minimum and maximum dose points. For OARs,
maximum dose-volume constraints are used, shown
by the triangles pointing to the left, with the expect-
ation that the DVH curve for an OAR will lie to the
left of these points. During optimisation the system
tries to meet all the constraints by adjusting the size
and relative weights of each of the beam segments.
The system expresses the quality of the plan mathem-
atically by describing how well the plan meets the set
constraints in terms of both target volume coverage
and OAR avoidance. If plans have very poor coverage
of the target(s) and high doses to the OARs, the ‘cost’
or ‘penalty’ function will be at its highest. During
optimisation, as the target coverage and OAR doses
improve, the cost function decreases and when it
falls below a certain level which has been specified
by the planner, the computer considers the plan to be
optimised and no further iterations are undertaken.
The balance between covering the PTV and avoid-
ing the OAR is achieved by adding relative weights to
the required doses to define the relative importance
of each planning aim. For most systems, this entails
a lot of trial and error to achieve the optimal solu-
tion. Because the computer stops optimising when
the required constraints are met, it is important that
the constraints are not too easy for it to achieve. For
this reason, the planner will sometimes set overly
optimistic constraints in order to force the planning
system to continue calculating to achieve the best
possible plan. So even if the constraints are recorded
as not having been met, the plan produced by the
computer will be better than if the constraints had
been set at an easier level. Ultimately, it is a clinical
decision whether the plan is acceptable, regardless of
whether it has ‘passed’ or ‘failed’ the constraints set
for the computer.

Using this technique, complex dose distributions
can be achieved covering different PTVs with different
doselevels. Figure 6.5 shows a typical dose distribution
for a head and neck IMRT plan in which a treatment

A
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Figure 6.3 Illustration of the
production of an intensity-modulated
beam. The upper row shows two fields
defined by MLCs that have intensity
profiles shown by the second row

and are added together to produce
the intensity profile shown on the
bottom right.

> > >
=S z =
I N N [ o
Position Position Position
Segment 1 Segment 2 Total
Figure 6.4 Typical DVH showing the
100 dose volume targets and calculated DVHs
< 5 of the optimised plan. OAR, organ at risk;
\ PTV, planning target volume.
OAR targets PTV targets

80 o / 1\
? \
< 60
[0]
1S
3 «
>O /

40 N

K}
Kl
20 \[
0 T T T T T T = LE T 1
0 10 20 30 40 50 60 70 80 90

Dose (Gy)

doseisdelivered to the primary PTV and a prophylactic
dose to bilateral targets. The parotid glands have been
delineated and dose to the right parotid has been set to
ensure that it receives a dose low enough to preserve its
function. This would be very difficult to achieve using
conformal radiotherapy.

Volumetric-modulated arc therapy

Volumetric-modulated arc therapy (VMAT) is an
extension of the IMRT concept whereby the dose
is delivered while both the gantry and the MLCs are
moving. The treatment is usually given using one or
two arcs, depending on the complexity of the plan,
and may involve one or more full rotations or a par-
tial arc or arcs. The exact technique will depend on the
treatment site and the complexity of the volumes to be

treated and avoided. VMAT planning involves inverse
planning techniques.

The advantage of VMAT is that gantry rotation
allows more complex dose distributions to be planned
(Alvarez-Moret et al., 2010; Rao et al., 2010) and faster
treatment times than IMRT. Doses to the outlined
OARs are usually lower than with IMRT, but this is
achieved by distributing the dose outside the PTV to
all tissues within the superior-inferior length of the
beam. This effect can be seen in Figure 6.6, which
shows typical isodoses of a VMAT plan applied to a
prostate. The higher-dose regions are within or close
to the target area and there is less of the higher dose
spreading into the periphery of the patient than there
would be with a static conformal or IMRT plan. This
is accompanied by a ‘low-dose bath’ in the more
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High dose PTV
Parotid

Low dose PTV

62.7 Gy isodose
Parotid

57 Gy isodose

44 Gy isodose

Cord and cord PRV

Figure 6.5 Typical doses planned with an IMRT technique to
several dose volumes. This is an axial section of an oropharynx
treatment with parotid sparing on the right side. In this case, a
high-dose PTV has been drawn with a prescription dose of 66 Gy
and two lower-dose volumes with 60 Gy prescriptions. The plan
has been optimised aiming to limit the cord PRV to a dose of 44 Gy
and to keep the parotid doses as low as possible. Note the parotid
sparing on the right.

peripheral parts of the patient that may sometimes be
clinically significant.

Technical issues

The complexity of modulated treatments may be chal-
lenging. The ability to confine the dose to more com-
plex target volumes and to avoid OAR means that more
precise, often irregular volumes have to be drawn.
This takes more time and the roles of the different staff
groups may be redefined so that tasks once only done
by oncologists have now become the routine work of
radiographers, dosimetrists and medical physicists.

Theinverse planning algorithms employed by mod-
ern planning systems, although seemingly simple, are
very different from traditional methods, and numer-
ous options need to be explored in order to produce
optimal plans quickly. This entails a lot of development
work and training of users.

Handing over the optimisation of the plan to a
mathematical algorithm can also be problematic,
because during the forward planning process some
issues are intuitively taken into account. For instance,
the megavoltage build-up effect near the surface of
the patient will reduce the dose and therefore the dose
coverage of the PTV ifitliesin this area. A human oper-
ator can instinctively either accept this lack of coverage

or account for it if this area of the irradiated volume is
important. It is difficult to describe this mathematic-
ally and it is important to take this into account when
producing a planning solution.

To produce the complex dose distributions using
inverse planning is often time-consuming and to
make the process more efficient, a site-specific class
solution may be used. An optimal set of dose-volume
constraints and plan optimisation volumes for each
treatment site are developed to achieve optimal dose
distributions. Using a single approach for each tumour
site allows the process to be partly automated. A good
class solution should produce an optimal plan for the
majority, if not all, patients with a particular indica-
tion. If the plan is suboptimal, further work has to be
done taking a few hours for simple indications but up
to 10 hours for the most complex cases, meaning that
more staff are needed for IMRT and VMAT planning.

Both IMRT and VMAT require more detailed dos-
imetry than conventional radiotherapy techniques
to check the accuracy of the plan. Most centres have
implemented this by measuring each individual plan
using a dosimetric phantom before starting treatment,
but as confidence in the technology has increased, an
independent calculation algorithm as used for conven-
tional planning techniques is more often used. Quality
assurance to assess the performance of the machine
now has to take account of these new techniques and
many geometric and dosimetric tolerances have been
tightened, leading to more staff time being devoted to
quality assurance.

Image-guided radiation therapy

Image guided radiotherapy (IGRT) is used to ensure
that the patient set-up is accurate. Traditionally, port
films placed at the exit plane of the treatment beam,
using the planned beam collimation or a wider field
for a few monitor units, were used to verify the set-up.
They confirm that the set-up was correct and beam
delivery accurate and may prompt adjustments or
replanning. Electronic portal imaging devices (EPIDs;
Herman et al., 2001) capture the image using detector
arrays and produce an instant electronic image that
can be viewed immediately. The image can be pro-
cessed electronically to improve the contrast, making
matching of the expected and acquired images easier.
Imaging before each treatment can permit immediate
corrections and increases the accuracy and consistency
of treatment delivery.
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Figure 6.6 Typical doses delivered by VMAT (a) and IMRT (b) plans for a prostate and seminal vesicles treatment delivering 55 Gy in 20
fractions to the ICRU reference point to two different patients. The PTV coverage for both plans is quite similar, but while the 25 Gy isodose is
closer to the PTVin the VMAT plan than the IMRT plan, the volume of patient irradiated to 10 Gy is more with VMAT than it is with IMRT.

The main disadvantage of EPIDs is that the poor
contrast of the megavoltage image gives little informa-
tion about soft tissues, and for most treatments, gen-
erally only allows matching against the bony anatomy.
If the tumour is not fixed to bony anatomy the system
is less useful. Newer techniques such as cone beam
CT-based systems give better soft tissue contrast, but
EPIDs can still give useful dosimetric and positional
information (van Elmpt et al., 2008) and are therefore
likely to continue to have a role.

Kilovoltage X-rays, giving greater contrast, can be
used to generate planar images from one or two X-ray
sources or volumetric imaging such as in a cone beam
CT (CBCT; Jaffray et al., 2002). Most CBCT systems
have a kilovoltage X-ray generator and image inten-
sifier on the treatment machine at right angles to the
therapy beam. Once the patient has been positioned
the gantry is rotated around the patient before treat-
ment and a full 3D volumetric image of the patient
is acquired. The data can then be reconstructed into
transverse slices and compared to the planning CT
with volumes drawn on it to assess the spatial accuracy
of the treatment. There is good soft tissue contrast and
the images can be easily compared to the planning CT.
However, it can take 2-3 minutes to acquire and pro-
cess the image, lengthening the overall treatment time.

Clinical implementation of IGRT

The correct placement of radiation beams has been
shown to be clinically important (Miralbell et al., 1997)
and IGRT can help to ensure that radiotherapy is deliv-
ered more accurately. Ideally, the patient would be
imaged before every fraction, but:

« the cumulative additional dose from the imaging
may be significant over a long course of treatment;

« theadditional time may affect the patient’s ability
to maintain their position, leading to further
adjustments and imaging, and decreasing the
throughput on the machine; and

o clear, site-specific, local protocols are needed,
describing the policies for both online and offline
imaging.

With online imaging the patient is imaged before
treatment and, after analysis of the image, may be
moved to the correct treatment position for subse-
quent fractions. With offline imaging the patient is
imaged before treatment on one or several fractions
and an average displacement of the patient from the
expected position calculated and this position used
subsequently. Further periodic images may then be
performed to check this position. Most offline tech-
niques will include a move towards online imaging
should discrepancies seen on imaging be particularly
large or random.

A further advantage of IGRT, particularly
CBCT-based systems where there is good soft tissue
contrast, is that changes to the patient anatomy during
treatment can be assessed and, if necessary, corrected
for. If so, the data from a CBCT scan are not usually
suitable for treatment planning dose calculation and
the patient will need to have a repeat planning CT scan.
Figure 6.7 illustrates the planning scan and CBCT
image of a patient having radiotherapy to the head and
neck. Following fusion of the data sets the volumes are
shown on both images. The patient has lost a signifi-
cant amount of weight since the planning scan, shown
by air gaps between the CBCT-imaged skin surface and
the skin surface drawn during the planning scan.

Finally, the correct training of treatment staft to
ensure that the anatomy can be correctly identified
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Cone beam CT

Figure 6.7 lllustration of the planning CT (left side) and cone
beam CT (right side) of a patient undergoing radiotherapy for head
and neck cancer. The volumes from the original planning CT are
shown on both data sets following fusion of the two images. Note
how the skin contour from the cone beam CT is slightly inside that
of the planning CT; this is due to weight loss during radiotherapy. If
patients lose significant amounts of weight, the treatment will need
to be re-planned.

and the images analysed efficiently is an essential part
of implementation. It is also important that audits of
the accuracy of patient positioning are performed
and used to determine the appropriate PTV margins
applied during the planning process. The National
Radiotherapy Implementation Group have produced
guidance on the implementation and use of IGRT
(NRIG, 2012).

Adaptive planning

An extension of IGRT is adaptive planning, adapting
the plan during treatment because of changes in the
position or size of the tumour or in the patient’s shape.
This may be based on either the CBCT or a repeat plan-
ning scan if gross changes in patient shape are seen.
This can be very time-consuming, particularly if the
patient is being treated with an advanced technique
such as IMRT or VMAT. This can be prevented by pro-
spectively developing plans based on expected changes
in the patient’s anatomy. For instance, a treatment in
the pelvis may be affected by the degree of bladder fill-
ing at the time of treatment, and so several plans can
be produced anticipating the different amounts of
urine in the bladder. Each day the patient is imaged,
the volume of the bladder assessed and the appropriate

plan chosen. Alternatively repeat planning scans can
be done at defined points in the treatment process in
anticipation of the tumour shrinking or the patient
changing shape with a re-plan if necessary.

As with other advanced techniques, the imple-
mentation of adaptive radiotherapy requires the cor-
rect staff, correctly trained in the correct part of the
treatment process and may involve staff having to
change roles.

Gating

It is well known that tumours move during each treat-
ment and for some tumour sites, such as the thorax,
this movement may be several centimetres. Gated
radiotherapy (Kubo and Hill, 1996) addresses this
problem by switching the beam on only when the
tumour is in a defined position. This requires moni-
toring tumour movement, either by monitoring the
breathing cycle of the patient using belts or external
markers and allowing the beam on only at defined
parts of the breathing cycle, or by imaging the tumour
itself, possibly using implanted fiducial markers. These
are radio-opaque markers inserted into the tumour
itself or into adjacent normal tissue which move in a
similar way during respiration. Alternatively, patients
can be coached in specific techniques such as a deep
inspiration breath-holding. This can be used during
left-sided breast radiotherapy and moves the heart out-
side the intended treatment area. In order to maintain
reproducibility, sensors track the respiratory cycle,
provide feedback to the patient and automatically
switch the machine off if the patient is unable to main-
tain inspiration.

Advanced imaging tools and imaging
modalities

Imaging modalities used in radiotherapy
planning

For some years conformal radiotherapy has been based
on CT scans, giving good geometric accuracy and rea-
sonable soft tissue contrast. The Hounsfield units pro-
duced by a CT scanner are proportional to electron
density and can be used for accurate dose calculation.
However, other imaging modalities offer advantages
such as higher image quality from small-bore diagnos-
tic CT images and additional information provided by
functional MRI and positron emission tomography
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Lesion

Figure 6.8 Anexample of an MRland a CT scan of the brain of a
patient undergoing radiotherapy. Note how the lesion can be seen
on the MRI'which is the main part of the figure but not on the CT.

(PET). Studies have shown differences between the
target volumes drawn on CT and those using MRI
(Kagawa et al., 1997) even in sites such as the prostate
with relatively well-defined anatomy. Figure 6.8 shows
an MRI and CT scan of a patient being planned for
intracranial radiotherapy. The lesion is clearly seen in
the MRI but not on the CT.

Image fusion

When new imaging techniques are introduced into the
radiotherapy planning process, there must be some
way of merging the images into the planning system
and so most modern treatment systems have image
fusion functionality. This may involve either the user
defining fixed anatomical markers or an automatic
system, but both methods need to be checked once the
operation has been performed.

Ideally, in patients for whom both imaging sets are
needed for planning, the patient would be scanned in
an identical position and coordinate system each time
so that the images can be easily overlaid and the organs
or tumour seen on one image series can be outlined on
the other. This may be possible using PET-CT when the
PET and CT scans are obtained at effectively the same
time using the same coordinate system, but more often
software-based fusion is required.

Figure 6.9 shows fusion using landmark points
on each image. The user marks at least three identi-
cal points on each image series (not necessarily on the

same transverse plane) and the software geometrically
calculates the shift necessary to align the two images.
In this case a clear rotation of the MRI image com-
pared to the CT scan has been corrected to generate
the fused image on the right of the figure. Tools such as
a checkerboard pattern shown on the fused image are
used to confirm the accuracy of the fusion.

Many modern systems are automatic and use soft-
ware algorithms to arrive at a fused image. These may
be rigid fusion in which only movements and rota-
tions are used to transform the secondary image on
to the primary image or elastic fusion in which as well
as movements and rotation the secondary scan may
be stretched or squashed until it matches the primary
image. It is important that the user understands what
process they are employing and to assess whether it is
required. For instance, in fusing a planning CT with a
diagnostic scan it may be appropriate to use an elas-
tic fusion that will overlay the correct anatomy on the
planning scan. It is also important to remember that
while image fusion can help to define anatomy during
radiotherapy planning, it does not give information
on the changes in doses received by the PTV or OAR
which might occur as a result of any internal move-
ment or set-up inaccuracy during treatment.

Stereotactic radiotherapy
Stereotactic concept

The purpose of a stereotactic coordinate system is to
eliminate the spatial uncertainties introduced by the
scanning and treatment delivery devices. This means
that the PTV margins can be reduced and more accur-
ate radiotherapy given, enabling higher doses to be
prescribed. A cranial stereotactic radiosurgical frame
is used to immobilise the patient securely using steel
rods fixed surgically to the skull. Bars on the side and
top of the box define the coordinate systems on the
planning scan.

Figure 6.10 shows a phantom scanned within a
stereotactic frame. The computerised planning system
has identified the bars and from knowledge of the pre-
cise position of the bars can generate a coordinate sys-
tem independent of the scanner.

The plan is then produced conventionally, but all
positional information is based on the stereotactic
coordinate system and not that generated by the scan-
ner as in a conventional plan. Once the plan is pro-
duced the positional information is transferred to a
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Figure 6.10 Transverse section through a phantom scannedina
stereotactic frame. The circles are the localiser rods automatically
acquired by the stereotactic treatment planning system used to
define the stereotactic coordinate system.

target positioner box, and the information used to set
up the patient. In this way, all of the positional uncer-
tainties associated with the scanner and accelerator
are eliminated and accuracy depends only on how well
the patient can be immobilised relative to the frame.
For this reason for single fraction treatments (radio-
surgery) invasive frames have been used to attach the
patient firmly to the frame with positional uncer-
tainties of a millimetre or less. For fractionated tech-
niques (stereotactic radiotherapy), precise stereotactic
masks, based on thermoplastic or vacuum-assisted
mouth-bites, are usually used and they decrease the
spatial uncertainty down to 2 mm or less.

Frameless techniques have been devised that use
the patient’s anatomical landmarks rather than a pos-
itioner box. Here the patient is positioned using images
acquired on the treatment machine and adjustments
made until the anatomy exactly matches that of the
images generated by the planning system in stereotac-
tic coordinates. In this way the stereotactic principle is
maintained.

Because of greater accuracy, higher doses and
shorter fractionation regimens have been introduced

Fused image

Figure 6.9 lllustration of fusion using
a landmark matching technique. Placing
three points on each scan at equivalent
positions enables the computer to fuse
theimages and eliminate the effect

of the rotation seen on the MRI scan.
Inthe fused image the CT and MRI
components can be seen in alternating
squares of a chequer board pattern.

with a clear clinical benefit both cranially and extra-
cranially (Norihisa et al., 2008; UK SBRT Consortium,
2011). As the difference between an image-guided
and a stereotactic technique has become blurred, the
term stereotactic has often become a synonym for
a high-dose, low number of fractions regimen, but
clearly there are dangers in losing the significance of
the stereotactic concept.

Cranial stereotactic radiotherapy and
radiosurgery

Cranial stereotactic radiosurgery has been used for
over 50 years for both benign and malignant indica-
tions, using either invasive frames for radiosurgery in
which the treatment is delivered in a single fraction
or removable thermoplastic or similar masks that are
used to immobilise the patient relative to the stereo-
tactic frame. Framed systems as discussed above have
been widely used for cranial stereotactic radiotherapy
and radiosurgery, but the use of frameless systems has
become increasingly widespread.

Extracranial stereotactic radiotherapy

Stereotactic ablative radiotherapy (SABR), also known
as stereotactic body radiotherapy (SBRT), has been
introduced in recent years, especially for the treatment
of early-stage lung cancer. Linear accelerator-based
systems use CBCT scans to guide the treatment using
the patient’s anatomy to define the coordinate system
(UK SBRT Consortium, 2011). Target volumes are
drawn using a 4D CT of the patient from which an
internal target volume (ITV) is drawn, to whicha PTV
margin is added to account for set-up errors.

Margins can be reduced using immobilisation
devices such as abdominal compression which splints
the diaphragm and reduces respiratory movement, or
by the application of gated radiotherapy (see above). In
this case, the volume of the ITV (from which the PTV
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will be grown) will be reduced because the tumour
moves less during ‘beam on’ time.

The dose for each fraction is much higher than
in conventional radical radiotherapy. The UK SBRT
Consortium (2011) suggests doses of 54 Gy in 3 frac-
tions or 55 Gy in 5 fractions. The treatment times for
each fraction will be longer, around 5 times that of a
standard conformal therapy especially if gating tech-
niques are used, and so it is important to ensure that
the patient is able to maintain the treatment pos-
ition. Several confirmation cone beam images may
be required to ensure that the patient remains in the
correct position, which may further prolong the time
required.

Technical issues

Stereotactic radiotherapy and radiosurgery, as with
IMRT and VMAT, require small field dosimetry which
can cause problems in acquiring data for the planning
system and validating its performance. However, it is a
common practice to prescribe to the 80% or 50% isodo-
ses to ensure that all the PTV receives at least the pre-
scription dose. When prescribing to the 80% isodose
the resultant plan delivers at least a 25% overdose to the
conventional prescription point and so a dosimetric
uncertainty of a few percent may be of far less signifi-
cance than the geometric accuracy of the whole system.

Systems using a conventional linear accelerator to
deliver stereotactic treatments may therefore require
better isocentre accuracy. A conventional machine
may have a tolerance allowing the mechanical isocen-
tre of the machine to deviate within a sphere of radius
1 mm for gantry rotation and 2 mm for couch rotation.
For specialist radiotherapy machines these tolerances
should be reduced to ensure the stereotactic accuracy.
This is less important if a machine-independent posi-
tioning system is used, but will be an issue for systems
relying on CBCT images for positioning.

Other methods for improving the mechanical
accuracy of the treatment device include the use of
dedicated equipment such as the Gamma Knife® or
CyberKnife®, as described below.

Radiobiological planning

Radiobiological treatment planning (Niemierko, 1998)
is a process that considers the radiobiological effects of
the treatment rather than simply the dose delivered so
that the different radiosensitivity of organs can be more
readily considered. This may be particularly useful in

inverse planning where, instead of determining param-
eters based on physical dose, radiobiological concepts
such as tumour control probability (TCP) and normal
tissue complication probability (NTCP) are used to
set the planning objectives. Optimising the plan using
these is perhaps more likely to achieve tumour control
and minimise adverse effects. Most treatment plan-
ning systems either have a radiobiological planning
module or it is near the top of their development list.
However, whereas the arguments in determining the
likely efficacy of a treatment plan based on radiobio-
logical quantities can easily be made, the uncertainties
associated with the quantities used currently prevent
its widespread adoption. However, although many
centres might want to adopt this technique, the consid-
erable uncertainties about these concepts argue against
their widespread use at the moment.

Non-conventional radiotherapy
machines

Gamma Knife®

The Gamma Knife (Leksell, 1983) is a dedicated cra-
nial stereotactic machine used for many years in the
treatment of non-malignant and malignant tumours
and arterio-venous malformations. It consists of a
number of cobalt-60 sources in a collimator helmet
focused on a fixed point analogous to the isocentre of
alinear accelerator. However, the sources remain fixed
and doses are delivered by exposing or shielding a pre-
defined number of the sources to build up the dose
distribution. The patient is supported on a treatment
couch and positioned so that the treatment volume is at
the focal point of the radiation. Using an array of fixed
sources reduces the spatial uncertainty from using a
conventional linear accelerator.

CyberKnife®

The CyberKnife is a small, linear accelerator attached
to a robot which moves the accelerator to the correct
position to deliver the intended dose distribution. The
radiation is collimated by a series of interchangeable
collimators that the robot is able to ‘pick up’ during
treatment without operator intervention in accordance
with a previously determined treatment plan. Unlike a
conventional accelerator, there is no isocentre, which
enables the machine to irradiate from an almost infin-
ite number of angles. The patient is positioned using
imaging devices in the room and due to the absence of
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an isocentre the machine must always direct the radi-
ation beam based on patient anatomy. Consequently,
the machine inherently accounts for the patient’s pos-
ition. The system can be used to treat tumours any-
where in the body, but due to the small field sizes used
and the relatively long treatment times, its use is gen-
erally confined to indications conventionally treated
with linear accelerator-based stereotactic techniques.

TomoTherapy®

The TomoTherapy machine (Bortfeld and Webb, 2009)
consists of a small, linear accelerator positioned on an
annulus that rotates around the patient. Its radiation is
collimated by asmall collimator and exposes the patient
to small fields as the patient is moved through the radi-
ation on a treatment couch. Modulated plans are pro-
duced by choosing the collimation of the beam as the
accelerator rotates around the patient. Indications for
the use of TomoTherapy machines are generally simi-
lar to those of VMAT.

Vero®

The Vero treatment device consists of a linear acceler-
ator located on a gimbal so that it can be positioned at
angles outside those possible with a conventional accel-
erator. It is equipped with kilovoltage pair imaging and
CBCT equipment enabling rapid positioning of the
patient. The gimbaled accelerator gantry, enhanced
imaging and couch with 6 degrees of freedom enables
the tumour to be tracked during treatment to reduce
positional uncertainties. Its prime application is in
extracranial SBRT.
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Robert Hills

Introduction

It is the responsibility of clinicians to provide the best
possible care for their patients. However, this simple
statement masks a much more complex issue. How
does one know precisely what the best care is for a par-
ticular patient? In particular, how does one balance
the likely benefits and risks for a particular course of
treatment? A new drug may appear promising, but
can one really be sure that it represents a real improve-
ment on current practice? Generally speaking, unless
the action of a particular treatment is both immediate
and breathtaking (such as insulin for diabetic coma),
we cannot be absolutely certain which treatment is best
for which people. Historical comparisons, or other
database-dependent methods, can prove misleading.
What is required is a method that will provide reliable,
convincing evidence that can be used to inform future
practice.

Fortunately, there is such a tool: the randomised
controlled trial (RCT). At its heart are two principles.
First, through randomisation, any differences between
patients receiving one treatment and those receiv-
ing another are purely down to chance; therefore, if a
sufficiently large difference is detected, then it must
be due to the only factor that is systematically differ-
ent between the two groups, namely the treatment.
Second, with large numbers of patients, it becomes eas-
ier to detect smaller treatment effects and to conclude
that any differences are not the result of chance. This,
the statistical aspect of RCTs, is effectively a formalisa-
tion of common sense. If one tosses a coin 10 times and
gets 6 heads and 4 tails, it is not out of the ordinary;
but if one saw 6000 heads and 4000 tails from 10,000
tosses, then one would be concerned that the coin may
be biased. The proportion of heads is the same, but lar-
ger numbers give stronger evidence of an unfair coin.

Researchin cancer

This chapter will concentrate on obtaining reliable
evidence on the efficacy (whether the treatment works
under ideal conditions, usually in a highly selected
population) and effectiveness (whether a treatment
will be beneficial in a real-life setting) of treatments
for cancer. In particular, it will look at the factors that
constitute a successful clinical trial, how the ideas can
be extended to look at the weight of evidence pro-
vided by a number of clinical trials (meta-analysis)
and how additional laboratory studies can help assess
more modern targeted therapies. Much excellent lit-
erature (e.g. Altman, 1991; Pocock, 1996; Duley and
Farrell, 2002) has already been devoted to the theory
of the RCT (and much that is less excellent). Likewise,
medical statistics has been well covered in a number
of books and articles (Altman et al., 2000; Swinscow
and Campbell, 2002). This chapter will concentrate on
the underlying principles, with particular emphasis on
their applications in cancer. This chapter is intended
to provide useful information for researchers planning
to conduct an RCT, and also provides useful pointers
for clinicians wanting to critically appraise a trial for
reliability.

Clinical trials
Introduction

The path taken by a new treatment before it comes into
common use is typically a long one. Initially, a com-
pound may well be developed based on an association
seen in a laboratory and backed up by early research
involving animals. However, while this avenue may
identify promising treatments, it does not tell us the
proper dose to give for treatment (or even if it is safe
at all to use in humans), whether promising labora-
tory results translate into activity in humans, and, most
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important, whether the treatment gives better results

when used in clinical practice compared to current

best care. Increasingly, too, health-care providers are
interested in determining whether new treatments
represent sufficiently good value for money.

Thus, a new treatment (typically, but not always, a
drug) will go through four stages of development, and
at each stage a clinical trial will be run to ascertain that
the treatment still remains sufficiently promising to
proceed:

Phase I represents the first trials performed in
humans; it determines that the treatment is safe
and identifies the target dose. Such trials can
involve either healthy volunteers or patients with
the condition in question. The treatment dose
starts off quite low, at a point where no real toxicity
is expected, and is increased until the maximally
tolerated dose (MTD), defined according to the
proportion of patients experiencing significant
toxicity, is found. A number of different designs
for phase I trials have been proposed, ranging
from the traditional Fibonacci design to more
sophisticated techniques based on modelling the
predicted toxicity levels based on all available data
(Storer and DeMets, 1987; Storer, 1989).

Phase II trials identify whether the treatment, at a safe
dose, demonstrates sufficient evidence of activity.
These studies can be considered as small screening
studies, typically with a few dozen patients, and
they weed out treatments that are unlikely to be
of any benefit in clinical practice. There is little
point in going to the considerable effort and
expense of setting up a large RCT if there is only
asmall likelihood of success. Typically, such
trials use short-term surrogate endpoints, such
as tumour shrinkage or remission induction,
which are correlated with more clinically relevant
endpoints such as overall survival. Historically,
phase II studies were uncontrolled studies, where
all enrolled patients received the study drug, but
recently, a randomised design has increasingly
been used. Such trials are still relatively small,
and tend to use short-term surrogate endpoints,
but can be an efficient way of evaluating new
treatments and can form the basis of a larger phase
III study if the treatment appears sufficiently
promising.

Phase III trials tend to be relatively large and
randomised. These identify whether the treatment,
given either in addition to or instead of current

therapy, gives improved clinical outcomes. The
phase III RCT is dealt with in more detail in the
next section.

After anew drughas been identified and demonstrated
to provide worthwhile benefit in a phase III trial, it is
studied further in phase IV trials. The entirety of the
phase I to III process may have meant that only a few
hundred patients have been given the drug, and that
rare or long-term side effects may not have become
apparent. Phase IV trials allow the study of the drug in
standard clinical care in a large number of patients to
identify any important safety issues, and to look at the
long-term balance of risks and benefits.

This four-stage process of treatment development is
not set in stone; indeed, for many non-pharmaceutical
treatments, the earlier phases of development may not
be directly relevant. Also, some of the phases may be
performed simultaneously. For example, identify-
ing the ideal dose for a new drug may not be a factor
of toxicity alone: similar efficacy may be obtained at
drug doses lower than the MTD, with a correspond-
ing reduction in toxicity levels. Thus, it may make
sense to perform a phase I/II trial in which both activ-
ity and toxicity are considered simultaneously (see, for
example, Yin et al., 2006). Likewise, a phase II/III trial
could be designed in which a small, randomised pilot
is assessed and the preliminary results of this pilot can
be used, either to make a Stop/Go decision (as in the
Pick-A-Winner design in leukaemia: Hills and Burnett,
2011, or other Multi-Arm Multi-Stage designs), or to
further refine the larger phase Il trial in the light of the
results (for example, to change the sample size, as in
Mehta and Pocock, 2011).

Randomised controlled trials

The mainidea underlying the RCT is the need to distin-
guish between effects that are moderate but still clin-
ically meaningful, and those that are too small to be
of any real clinical interest (Yusuf et al., 1984). Often,
early reports of a treatment tend to be extremely posi-
tive and raise the possibility of major clinical advances.
Yet, only a few treatments in current practice tend to
work overwhelmingly well; the history of improve-
ments in outcomes in cancer is one of incremental pro-
gress, and many of the drugs taken for granted today
(e.g. tamoxifen in breast cancer) produce only mod-
erate benefits, yet, owing to the worldwide prevalence
of the conditions being treated, save many hundreds
of thousands of lives annually. The actual likelihood
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(Wheatley, 2002).

Box 7.1 SABin acute myeloid leukaemia

When comparing SAB with DAT treatment for acute myeloid leukaemia, the following results were obtained

Number of Resistant
Treatment Period patients CRrate Induction death | disease
DAT 1984-90 167 47% 30% 23%
SAB 1990-98 284 61% 15% 24%
p-value 0.006 0.00007 0.2

DAT, daunorubicin + Ara-C + thioguanine; SAB, same as before (i.e. DAT).

of a new intervention having a big treatment effect, or
being vastly superior to an existing therapy, is fairly
low. It is more realistic to expect a moderate difference
between interventions, or a moderate effect compared
with placebo.

Therefore, it is important to provide reliable evi-
dence about moderate benefits and to be able to reduce
as far as possible any systematic biases that might
affect the results. For this reason, non-randomised
studies do not typically provide robust enough evi-
dence. Case studies, in particular, may be seriously
misleading. A potentially serious risk of selection bias
exists: it is impossible to tell whether only the most
promising patients are selected for the new treatment,
and without a comparator group, the true scale of
any ‘breakthrough’ cannot be gauged. Similarly, his-
torically controlled studies, in which care involving
the new treatment is compared to previous outcome
rates before the new care was introduced, can provide
unreliable estimates of a treatment’s effectiveness. For
example, a comparison of today’s A-level results with
those of 1980 show an improved pass rate. Students sit-
ting A levels in 1980 received free school milk while at
primary school; those sitting them today do not. So,
are we to conclude that free milk makes you less intelli-
gent? More seriously, the general improvement in can-
cer outcomes over time means that one cannot be sure if
any improvements are due to the drug, to the generally
improving prognosis, to differences in case mix over
time or to a combination of all three. In acute myeloid
leukaemia, a historically controlled study of standard
DAT therapy for patients over age 60 against the SAB
regimen showed a statistically significant benefit for
SAB (Wheatley, 2002; Box 7.1). This appears promising
until one realises that SAB stands for ‘same as before’;
in other words, the improvement has nothing to do

with the treatment, but is likely instead to be a result of
better supportive care. Likewise, if clinicians are more
likely to give a treatment to patients with more severe
symptoms, then those who receive therapy are of worse
prognosis than those who do not. A straight compari-
son could therefore show that the treatment appeared
worse (Green and Byar, 1984).

The only way to reduce such selection biases as
much as possible is to randomise patients: allocate
treatments in a way that produces equivalent groups
and precludes the chance that the next treatment allo-
cation can be predicted. Allocation by date of birth, for
example, may not produce equivalent groups because
it is easy to predict what a person’s treatment is going
to be and then make a decision on whether to enter the
trial based on this knowledge.

A number of ways of allocating patients can prod-
uce equivalent groups (Altman and Bland, 1999, 2005).
The simplest method is to use so-called simple ran-
domisation in which the chance of receiving a given
treatment is the same, irrespective of previous entries
into the trial. Simple randomisation can be achieved
using a random number list, a computer-generated
random number or even tossing a coin. This method,
however, can lead to chance imbalances in the numbers
allocated to different treatment groups, so some trials
use permuted block randomisation in which the num-
ber of patients in each group is required to be in bal-
ance at various stages through the trial (e.g. after every
4 or 6 patients). Some more sophisticated methods also
ensure balance across important prognostic factors. It
is possible to extend permuted block randomisation
to this scenario or to use allocation algorithms such as
minimisation, which generally require the use ofacom-
puter. In all except simple randomisation, where previ-
ousallocations do notinfluence the next, itisimportant



7: Research in cancer

+ Use third-party randomisation.

Box 7.2 Good practice in randomisation

An independent randomisation service with a degree of separation between clinician and patient provides
more security. Envelopes containing the treatment allocation may appear an attractive option, but need to be
policed to stop clinicians from opening several envelopes until they find the preferred treatment. A secure com-
puter database held at a central trials office is a good way to ensure allocation concealment.

« Collect all important prognostic factors prior to randomisation.
The recorded value of a prognostic factor may change or be influenced by treatment allocation.

- Balance prognostic groups by stratification or minimisation.
Similar numbers of different types of patient are ensured to be in each group. At its simplest, this could be
achieved by a randomisation list for each category, but for more than a few variables this becomes cumbersome
and a computerised system is preferable and allows simultaneous minimisation across many variables.

to ensure that there are no patterns that could allow the
next allocation to be predicted. (For example, in per-
muted block randomisation with a block length of 2,
after an even number of patients the treatments will be
in balance - in a single-centre trial, the allocation of
every other patient could be predicted precisely (Hills
et al., 2009)). It is a fallacy that strict random alloca-
tion is required: far more important is concealment of
the treatment allocation until the patient is irrevers-
ibly committed to the trial. Furthermore, patients who
did not receive their preferred treatment cannot be
re-randomised. Clinicians can and do attempt to sub-
vert some randomisation approaches, and care needs
to be taken to ensure that this is made as difficult as
possible (Schulz, 1995). Box 7.2 gives some thoughts
on good practice in randomisation.

Choice of endpoints

Generally speaking, the choice of a suitable endpoint
in cancer is less tricky than for many other chronic
conditions. In many cases, the main aim is to pro-
long life, so the primary measured outcome in a trial
is mortality. However, in certain instances, the out-
come measure may be different. For example, in con-
ditions that are relatively rare and where outcomes
are already very good (e.g. acute promyelocytic leu-
kaemia and increasingly other cancers such as breast
cancer), a trial assessing mortality may have to be
very large and also run for a long time, making such
a study impractical. In these circumstances, it may be
more relevant to assess quality of life — can one achieve
as-good outcomes with less toxicity. Indeed, this
approach has been used in recent UK National Trials
in Acute Promyelocytic Leukaemia, such as AML15

(Burnett et al., 2013) and AML17 (http://aml17.car-
diff.ac.uk/aml17/, accessed October, 2014). Similarly,
the primary aim of some trials may not be to directly
improve mortality, but to reduce the incidence of
adverse events, as in the SIGNIFICANT trial of pro-
phylactic antibiotics, which measured the number of
febrile episodes (Cullen et al., 2005).

The choice of outcome measure influences both
the type of statistical test being performed and the
size a trial needs to be. In choosing a suitable outcome
measure, it is important to choose a measure that is of
clinical relevance and that can be used to help guide
future practice. When assessing the results of a clini-
cal trial, it is important to consider its clinical as well
as its statistical significance. One may consider out-
comes relevant to patients, clinicians, and to organiza-
tions such as the National Institute for Health and Care
Excellence (NICE). Generally, the simplest outcomes
are often the best — they are easy to interpret and the
clinical relevance of a given size of treatment effect is
clear. It is important, however, not to try and collect
too many outcome measures: the trial will then lack
focus, and, by chance, one outcome may indicate that
one particular treatment is better, while for another
outcome, the reverse is the case. Given enough out-
comes, it is usually possible to find a significant result
for one of them even in trials of the most unpromising
treatments. Therefore, it is crucial to identify a small
number of primary and secondary outcomes, which
are considered the most important. These may be clini-
cal outcomes obtained from notes or patient-centred
outcomes collected through questionnaires. If a ques-
tionnaire is being used, then it is worthwhile to ensure
that it is validated - to make sure that the results are
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meaningful and reproducible and, if possible, to define
how big a difference is relevant.

Sometimes, the real outcome of interest occurs a
long time in the future. Because it is impractical to wait
many years for an answer, it is tempting instead to use a
surrogate outcome, which predicts this future outcome
(e.g. recurrence to predict survival benefit). However,
this approach can be fraught with difficulties. For
example, there may be a difference in recurrence-free
survival, but this difference is not necessarily translated
into a significant survival benefit (Specht et al., 1998).

Blinding

To create comparable groups for analysis, it is import-
ant that there is no foreknowledge of treatment alloca-
tion. This concept is known as allocation concealment.
However, even after randomisation there are occasions
when knowledge of which treatment group a patient
is in can influence their treatment or their outcomes.
For example, one treatment may require additional
follow-up visits, so that supportive care or additional
treatments could be provided preferentially to one
group or another. Alternatively, if outcomes are depend-
ent on clinician or patient rating of health state (e.g.
in quality-of-life trials) then knowledge of a patient’s
treatment may influence the perception of health status
(especially if one option is to offer no treatment).

There are a number of ways of combating this
problem. Standardised treatment protocols can be
introduced, so that all patients receive equivalent sup-
portive care and clinician contact. Also, the use of
objective outcome measures, such as mortality, tends
to minimise the effect of knowledge of treatment allo-
cation on outcome. Another alternative is to blind the
trial treatments. Trials are typically referred to as either
single-blind or double-blind. In the former, either
the patient or the clinician/assessor is unaware of the
treatment allocation; generally, the person recording
the outcome is the one who needs to be blinded. In
double-blind trials, both the patient and the clinician/
assessor are unaware of which treatment was given.
This way, any beliefs about the intervention, negative
or positive, should not be expected to influence the
outcome. The use of a matching placebo can ensure
blinding; alternatively, pharmacists can make up drug
solutions that are indistinguishable irrespective of the
treatments actually contained. For other trials, some
degree of blinding can be achieved with imagination: in
trials of surgical techniques, the use of sham surgery
has been advocated, although sometimes this will

require the participant’s acceptance of an additional,
clinically unnecessary procedure. It has been argued
that sham procedures are methodologically necessary
to produce valid results; therefore, as long as the par-
ticipant is informed that they will receive either a real
or a sham intervention and that the sham procedure
will be indistinguishable from the real treatment under
investigation, there is no deception involved (Miller
and Kaptchuk, 2004). Alternatively, if the procedure
would be performed after a surgical examination to
establish eligibility, some trials have randomised the
patient ‘on the table’ (Daniels et al., 2009) - although,
again, care needs to be taken concerning consent.

Choice of subjects, and how many

In a randomised trial, because the different treatment
groups are equivalent, it follows that any observed
differences must be the result either of chance or of a
genuine difference between the treatments. The prob-
ability that observed differences (or ones that are more
extreme) are the result only of chance differences
between groups is given by the p-value, which tells you
how often a trial of an ineffective treatment would be
expected to produce this type of result. If the p-value
is sufficiently small, then one can conclude that the
data are inconsistent with the treatment being inef-
fective, rather in the same way that a jury starts with
the presumption of innocence and asks whether there
is enough evidence to overturn it beyond reasonable
doubt. Alternatively, one can determine an estimate of
the size of the treatment effect, together with a meas-
ure of a likely range, based on the natural variability
between patients.

Clearly, to detect moderate differences, one must
discriminate between the signal and the ambient
noise: although one cannot reduce differences between
people, larger numbers enable one to improve the
signal-to-noise ratio. However, for relatively uncom-
mon conditions, the number of patients required in
a study to detect moderate treatment effects may per-
haps be more than it is feasible to recruit. The smaller
the treatment effect one wishes to detect, the larger the
number of patients one needs to recruit. To have a 90%
chance of detecting whether a treatment increases the
proportion of patients entering remission from 50%
to 75% requires only about 150 participants (Machin
et al., 1997). However, to detect an improvement from
50% to 60%, which would still be worthwhile, a study
needs about 1000 patients; to detect a 5% improvement
would require about 4000 participants. A corollary of
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this is that a non-significant result does not automatic-
ally mean that there is no treatment difference: the trial
could simply have been too small to detect a moderate,
but worthwhile, treatment effect (Altman and Bland,
1995). The use of effect sizes and confidence intervals
overcomes this problem. The 95% confidence interval
contains the true treatment effect 95% of the time; only
if this does not include a clinically relevant treatment
effect is it fair to conclude that a worthwhile difference
is unlikely.

The number of patients required to answer a ques-
tion reliably depends on a number of factors. First,
the sample size depends on the type of outcome being
measured: dichotomous outcomes (e.g. entered remis-
sion, experienced grade 3 or 4 toxicity), continuous
outcomes (e.g. quality-of-life scores, size of a labora-
tory measure) and time-to-event outcomes (e.g. sur-
vival time, duration of remission) all need different
calculations. Second, the size of treatment effect one
wishes to detect needs to be specified (e.g. from 50%
to 60% entering remission, a difference of 10 points on
a scale with a standard deviation of 25, etc.). Finally,
it is important to specify the level at which statistical
testing will be performed (typically set at a significance
level of p < 0.05) and how certain one wants to be of
detecting a treatment effect if it really is there. This lat-
ter concept is known as the power and is typically set at
80% or 90%, representing a 1-in-5 or 1-in-10 chance of
missing a real treatment effect. The smaller the effect
one wishes to detect and the smaller the significance
level, or the higher the power, the larger the number
of patients required. It may seem attractive to aim at
detecting a large treatment effect, or to set the power
low, but this means that one runs the risk of the esti-
mate of treatment effect to be sufficiently imprecise as
toinclude both no treatment effect and a clinically rele-
vant effect, thus making the trial inconclusive.

When considering the required number of
patients, it is also important to determine how these
patients are likely to be found. Extending a trial over
a number of centres will increase the relevant pool
of potential participants. However, it is important to
identify precisely who is eligible for the trial. Patients
who could be at risk from one of the trial interven-
tions need to be excluded. However, when deciding
which patients to include in a potential trial, it is pos-
sible to have selection criteria that are too rigid and
exclusive. Not only does restricting the population
too much reduce the pool of potential participants,
making it more difficult to achieve target recruitment,

but the results of the trial may not be immediately
generalisable to other important groups of patients.
For example, age can be applied as an exclusion cri-
terion on arbitrary grounds.

For this reason, it has been argued that it is prefer-
able to avoid prescriptive inclusion and exclusion cri-
teria and aim for a representative sample from which
generalisable results can be obtained (Collins et al.,
1996). For a given patient, there may be uncertainty
about the relative merits of different courses of action.
Presented with the same circumstances, clinicians may
have differences in opinion. The ethical imperative
then would be to try to reduce uncertainty by contrib-
uting to the evidence, and the most appropriate way
of achieving this would be to recruit the patient into
a well-designed clinical trial. It would be unethical for
a patient to have their treatment chosen at random if
either they or their doctor are certain about what treat-
ment they prefer.

However, randomisation can be considered when
both doctor and patient are uncertain about which
treatment is preferable. No further restrictions, other
than diagnostic and safety-related criteria, would
then be applied, allowing a wide range of patients to
be recruited. This sort of wide, pragmatic entry condi-
tion has an added benefit. If a wide range of patients is
randomised, it is possible to examine, albeit cautiously,
whether different groups of participants respond dif-
ferently to the treatment. Of course, it is important to
collect data to identify precisely what type of patient
has been entered, but only by running large-scale ran-
domised trials with wide entry criteria can questions of
which treatment is best for which patient be answered
with any confidence.

Collecting data

As pointed out earlier, it is important to choose a small
number of primary and secondary outcomes to assess
the effectiveness of a new treatment. It is also important
to determine exactly how these data will be collected.
Can, for example, national records (e.g. of mortality)
be used to determine outcomes? If so, then this means
that one is not reliant on clinicians completing forms,
and there can be (virtually) complete ascertainment of
the primary outcome measures. Alternatively, it may
be preferable to ask clinicians or patients to complete
forms at predetermined time points. In this way, add-
itional patient information can be captured. It is often
tempting to include extra ‘nice-to-know’ data, perhaps,
with a view to using them for analyses, additional to the
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main paper. However, before becoming committed to
extra work, not only for the statisticians and data man-
agers but also for clinicians, one needs to be sure that
the data are really relevant. Data that can be collected
only on a minority of patients are unlikely to influence
the trial’s conclusions. If it is unclear how, or indeed
whether, data are to be analysed, they should not be
collected. Collecting data that will not be analysed
puts an extra burden, without any ultimate purpose,
on participants and clinicians. Keeping data collection
to a minimum also increases the likelihood of it being
collected.

Data should be collected on simple, well-designed
forms. It is helpful for trial organisers to liaise with the
statistician and the person designing the database for
storing information to ensure that forms are clear and
unambiguous and that data are coded wherever pos-
sible because coded answers are easier to analyse than
free text fields, which may require extensive recoding
before analysis. Forms that are well designed and as
short as possible increase the likelihood of completion
(Edwards et al., 2002).

To obtain good follow-up:

o keepitshort - don’t ask for unnecessary data;

o keepitsimple - don’'t add unnecessary extra
tests; and

o keep it seldom - don’t repeat assessments too
many times.

Analysing data: the intention-to-treat
principle

Once patients are randomised into a trial, they should
remain in the analyses, even if they stop taking the
treatment or, indeed, never even receive it. The main
ideabehind randomisation is the creation of equivalent
groups of patients; if patients are left out of the analysis,
the groups cease to be equivalent. Intention-to-treat
(ITT) analysis analyses every patient according to the
treatment to which they were allocated rather than
what they received. In cases in which there are proto-
col deviations, then ITT analyses tend to be conser-
vative: they underestimate the treatment effect. So, if
one sees a difference, then one can be reasonably sure
that it really is there. Other sorts of analysis may look
attractive because they compare what actually hap-
pened, not what was meant to happen. However, as
can be seen in Box 7.3, these other analyses can lead to
misleading results, making ineffective therapies appear

worthwhile. What ITT really measures is the effect of
introducing the policy of giving the treatment: what
is the effect of introducing a new treatment in the
real world?

Inevitably, there will be circumstances in which
patients who have committed to the trial do not com-
plete treatment and follow-up. Sometimes this is
treatment-related, for example, if side effects are dis-
tressingorifthereisno perceived benefit from thetreat-
ment. These drop-outs are not random and may appear
more frequently in one arm of the study than another,
so it is crucial to note the reason for non-compliance
or withdrawal, especially if no further follow-up infor-
mation is obtainable. Failure to do this will introduce
a systematic difference between the groups (known as
attrition bias). Ideally, however, patients who withdraw
from treatmentshould stillbe encouraged to contribute
to data collection; it is a common misconception that
a deviation from the protocol necessitates withdrawal.
In cancer trials in which the outcome is mortality, this
isless of a problem because simple follow-up should be
available from clinicians or from national records, but
it can cause serious problems in quality-of-life stud-
ies. For such studies, where direct patient contact may
be required, a meta-analysis of methods of improving
the response rate to postal questionnaires identified a
number of successful strategies (Edwards et al., 2002),
such as a pre-contact before the questionnaire is sent,
provision of a pre-paid reply envelope and using a
short, interesting questionnaire, in addition to obvious
monetary incentives.

Perils of subgroups

A clinical trial sets out to answer whether a particular
treatment is effective, on an average, for a wide range
of patients. Although a trial can give some evidence on
what treatment to give an individual patient, it does so
by considering the population as a whole, and not each
separate individual. It is tempting to try and identify
subgroups of patients that benefit from an interven-
tion. However, note that a significant result (p < 0.05)
will be seen by chance 5% of the time. So, in a trial of
an ineffective treatment, if one looks at 20 different
subgroups of patients, there is likely to be on average
a significant result in one subgroup. It is laughable to
say that, for people born on one particular day of the
month, putting brown sugar in their coffee is any bet-
ter (or worse!) in controlling febrile neutropenia than
using white sugar. However, it is possible that, if one
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Box 7.3 Intention to treat

Consider a trial of chemotherapy with associated toxicity.

The trial is performed in two types of patients, who are recruited in equal numbers:‘fit’ patients who have 70% sur-
vival, and ‘unfit’ patients who have a 30% survival probability. These survival probabilities are unaffected by the new
treatment.

Because the treatment is toxic but potentially curative, some clinicians are not happy to give unfit patients the
more-toxic treatment, and they give the less-toxic existing therapy instead. Likewise, fit patients who draw control
treatment may receive the new therapy because they are thought to be fit enough to withstand the side effects. In the
trial, 20% of each group receives the opposite chemotherapy.

Itis possible to derive two tables of the proportions of patients surviving. First, for the ITT analysis,

Allocated new treatment (%) Allocated control treatment (%)

Fit 50 50
Unfit 50 50
Survival rate® 50 50

And second, for the as-treated analysis,

Receiving new treatment (%) Receiving control treatment (%)

Fit 60 40
Unfit 40 60
Survival rate? 54 46

aThe survival rate is calculated as 70% times the proportion who are fit' plus 30% times the proportion who are ‘unfit’for each group.

Whereas an ITT analysis correctly shows that the new chemotherapy is no better in prolonging survival (and, hence,
it is more toxic and less attractive than the original option), the as-treated analysis produces an 8% survival benefit,
which may be enough to change clinical practice. The difference arises because fewer poor-risk patients receive the
new treatment. This sort of analysis tends to show an artificial benefit for the treatment received by the better-risk

patients.

runs a large RCT and ‘data dredges’ through data from
enough subgroups, one will get this kind of spurious
result, which will appear purely by chance. If one looks
hard enough, it is likely that one will find a statistically
significant result - but it is also possible that the result
is a fluke.

There are statistical techniques to test whether
observed effects are real (Assmann et al., 2000), but
trials that look at subgroups usually need to be much
bigger. As a rule of thumb, to detect a difference reli-
ably within subgroups of the same size as a treatment
effect that you have decided is clinically meaningful
would require four times as many trial participants as
it would to detect an overall effect. Subgroup analyses
are therefore typically designed to detect qualitative
differences in treatment effects (treatment works in
one group, but not in another) as opposed to smaller,
quantitative differences in effect size (treatment works
in both groups, but gives greater benefit in one group
than another).

If there are subgroups in which there are legitim-
ate reasons for anticipating a different response to
treatment (e.g. oestrogen receptor status in trials of
hormonal treatments for breast cancer), then these
should be specified in the trial protocol in advance,
together with a justification of the underlying mech-
anism and the influence it may have on the outcome.
In any case, one should not conclude, simply because
a treatment provides a significant effect in one sub-
group and not in another, that the treatment works
only for one subgroup of patients. (There are a num-
ber of examples of this erroneous reasoning in the
literature: Cascinelli, 1994; Cascinelli et al., 1994;
Creutzig et al., 2001; Wheatley and Hills, 2001.)
When significant subgroup differences exist, they
should always be viewed in the context of the over-
all findings. It is unlikely that, if the overall result is
positive, a subgroup finding of significant harm is
to be relied on. Again, such qualitative effects need
to be viewed with scepticism unless there is some
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Table 7.1 Atypical 2 x 2 factorial design. One-quarter of
patients receives both treatments A and B, one-quarter receives
Aonly,one-quarter B only and one-quarter receives control

DrugB Control
Drug A A+B A
Control B Control

plausible, prespecified reason why some subgroups
should behave differently.

Additional topics

A common theme in the preceding sections is the need
to provide reliable evidence that is likely to influence
future clinical practice. This means providing evidence
on patients similar to those one would meet in every-
day clinical practice and ensuring that the level of evi-
dence is sufficiently strong to enable the making of a
decision on treatment. The necessary corollary of this
is that trials need to be large. With only a finite popu-
lation of patients from which to choose, recruiting
enough participants can be difficult.

For this reason, there are a number of techniques
that can help trials be run more efficiently. In par-
ticular, two design features are widely used in cancer
clinical trials so that advances can be made as rapidly
as possible. The first is the factorial design. Factorial
designs allow more than one research question to be
answered simultaneously. If two different drugs are
available and no interactions are expected between
them, then if both drugs were shown to work, it would
be reasonable to give them both together. To test both
treatments, one can randomise patients in a 2 x 2 fac-
torial trial design to receive drug A or control, in add-
ition to receiving either drug B or control (Table 7.1).
Then, to assess the effect of treatment A, one can com-
pare patients receiving A + B with patients receiv-
ing B, and those receiving A with control. Because
a similar procedure can be done to assess treatment
B, every patient is contributing to two comparisons.
Thus, two research questions can be answered at once.
This method is more complicated if there is evidence
of interaction between the treatments, but it is only in
a factorial design that such interactions can reliably be
investigated.

Factorial designs are common in cancer. For
example, the MRC/NCRI trials in acute myeloid leu-
kaemia (AML) typically use factorial designs (e.g. the
AML14 trial; see Box 7.4; Burnett et al., 2005).

Other methods can be used to ensure that tri-
als recruit a large, clinically representative group of
patients. One such approach is the pragmatic design
adopted by the MRC QUASAR trial of chemotherapy
for colorectal cancer, which considered the effective-
ness of 5-FU/folinic acid-based chemotherapy as well
as two different doses of folinic acid and the effect
of adding levamisole to chemotherapy (QUASAR
Collaborative Group, 2000). To recruit widely, clini-
cians were able to specity if a patient had a clear indi-
cation for chemotherapy (in which case patients were
randomised in a 2 x 2 factorial design, between two
doses of folinic acid and the addition or not of lev-
amisole), or an uncertain indication, in which case
they were randomised either to receive chemotherapy
(randomised in the same 2 x 2 design) or not. The trial
recruited more than 7000 participants to help provide
reliable evidence, not only on whether to give 5-FU/FA
chemotherapy but also to provide evidence on the dose
of folinic acid and the role of levamisole.

In rarer conditions, the challenge is perhaps a lit-
tle different. In such conditions, a large trial may take
many years to complete, meaning that many treatments
compete for the same small pool of patients. Therefore,
itisimportant to identify as efficiently as possible those
treatments that are likely to be the most promising. For
conditions with a poor prognosis, one possible way
forward is the so-called ‘Pick-A-Winner’ design (Hills
and Burnett, 2011) for patients where the outcome is
sufficiently poor for data to be available quite early on
to determine whether there is likely to be a meaning-
ful treatment effect. This is a version of a Multi-Arm
Multi-Stage (or MAMS) design (Royston et al., 2003).
Its efficiency comes from requiring the minimum clin-
ically important difference to be large, meaning that
if no evidence of benefit is seen early on in the trial,
then it is very unlikely that the looked-for large benefit
will materialise if recruitment continues, and the arm
can reasonably be closed with a low risk of rejecting
a treatment that could ultimately prove worthwhile.
The approach was used in the NCRI AML16 trial of
non-intensive therapy for older patients with AML (see
www.amll6.bham.ac.uk, accessed December, 2014).
The initial aim was to double survival at 2 years from
11% to 22%, by inducing remission in twice as many
patients (increasing the rate from 15% to 30%). This
meant that, although a full trial would require about
200 patients per arm, it was possible to look at the data
after only 50 patients per arm had been recruited, and
reject all treatments which failed to improve remission
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Box 7.4 The AML14 trial

treatment options (3 X 2 X 2).

The AML14 trial was intended for patients with AML over the age of 60 and ran in two parts depending on whether
patients were deemed fit for intensive chemotherapy. For those receiving intensive treatment, the design was a 3 x
2 factorial design for induction, with a further randomisation to either 3 or 4 courses of treatment, giving a total of 12

Two courses of induction treatment

Daunorubicin 50 mg/m?

Ara-C 200 mg/m? b.d.

VS VS Vs
Daunorubicin 35 mg/m? ith Ara-C 100 mg/m?b.d. | and treatment four courses
v wit lasting in total for

Daunorubicin 35 mg/m? +

PSC-833

three courses

rates by 2.5%. A further examination after 100 patients
had been recruited to the arm could be used further to
identify unpromising treatments. In all cases, the com-
parison was a truly randomised one, to reduce bias: but,
one of the advantages of the Pick-A-Winner approach
is that it enables new treatments to be introduced to
replace those which have failed, giving a rolling pro-
gramme of drug evaluation. Those treatments which
pass the first two hurdles proceed to a full evaluation,
powered on overall survival. In AML, the approach is
continuing in the LI-1 Programme of drug evaluation.

Ethical considerations
Introduction

Most clinical research can be carried out only with
the cooperation of patients who enter clinical trials,
agree to be treated according to study protocols, who
are followed up and whose information used to assess
the value of a new treatment. It is therefore paramount
that the rights and well-being of participants are con-
sidered. In particular, it is important that patients
are aware of any potential risks, and that there is not
already good evidence that one or the other treatment
is better. There is a considerable body of literature on
good clinical practice (GCP) in clinical trials, as well
as a growing body of guidance and legislation, includ-
ing the data protection act, various handbooks on
GCP, and the 2001 European Union directive, which
is currently going through the process of revision. The
directive sets down certain legal responsibilities for
investigators in drug trials, including the process of

gaining approvals from both ethics committees and
the competent authority, how to approach amend-
ments to studies, and ensuring timely reporting of
safety information. The legislation also requires all
trials of investigational medicinal products to have a
Sponsor, usually either a pharmaceutical company,
university or hospital trust. All investigators need to
have up-to-date GCP. One area of debate that arose
from the signing into law of the EU directive was how
to strike the correct balance between protecting the
interests of participants and excessive bureaucracy,
which may tend to reduce the number and size of clin-
ical trials (Burman et al., 2001) and this debate has to
an extent continued.

Study protocol

Perhaps the most important way of achieving
good-qualityclinical researchisbyhavingawell-written
trial protocol. Such a protocol is not only a justification
for the research being performed, it is the trial ‘bible’
It should contain all relevant information and instruc-
tions about the trial, including treatment schedules,
reporting methods and quality assurance. During a
trial, protocols may be modified as new information
becomes available, or for more practical reasons, such
as alterations in drug supply, doses or route of admin-
istration. The protocol needs to be updated with this
information and approved by the same authorities
who approved the original protocol: all investigators
are provided with a copy of the new protocol. For this
reason, it can be helpful to store trial documentation
on a website so that clinicians can download all the
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necessary information to fulfil their legal obligation to
keep their own site files up to date.

Informed consent

All participants in a clinical trial have the right to be
adequately informed about the benefits and risks
involved. Participation must be voluntary, and
informed consent of participants needs to be taken.
Information about the trial is typically given using a
patient information sheet, which explains the research,
the possible treatments, what data are being collected
and how data will be used. If tissue samples are to
be taken, consent needs to be obtained for this too.
Generally, potential participants need to be given time
to digest the information they have been given and to
ask questions; thus, the taking of participants’ consent
can involve a period of time. Strategies may need to be
considered to allow participants the time they need
(e.g. ensuring that a research nurse is present during
clinics to help with the process and provide a point of
contact for participants).

Good clinical practice (GCP) and ethics
committees

The aims of GCP in clinical trials are twofold: to protect
the participants and to provide assurance that the trial
has been carried out to a sufficiently high standard that
results are credible. Various aspects of GCP ensure: the
trial is, and remains, ethical; treatments are safe and
used appropriately; data collection is adequate and reli-
able; and data are stored securely. In the UK, the prin-
ciples of Good Clinical Practice or GCP are enshrined
in law. Generally, trials now adhere to International
Committee on Harmonisation (ICH) guidelines (see
www.ich.org, accessed December, 2014). These guide-
lines stress the importance of having well-written pro-
tocols, independent Trial Steering Committees (TSC)
and set roles and responsibilities of the different people
taking part in the study. There are also guidelines on
on-site monitoring, and other methods which can be
used to ensure the integrity of the data provided by
the study.

All trials require ethical approval, which involves
submitting the study protocol and supporting docu-
mentation, such as patient information sheets, to a
Research Ethics Committee. The ethics application
process has been streamlined and paperwork for ethics
committee applications can be found centrally at www.
myresearchproject.org.uk (accessed December, 2014).

The ethics committee will assess the protocol and make
a judgement. Additionally, each centre is required to
undergo a site-specific assessment to ensure that the cen-
tre and its staff are capable of supporting the protocol.
The integrated research application system (IRAS) also
allows submission of trials involving investigational
medicinal products (IMPs) for clinical trial authorisa-
tion from the relevant medicines agency (see https://
eudract.ema.europa.eu/, accessed December 2014).

Perhaps one of the most important consequences of
the EU Directive is that the reporting of adverse events
has now been standardised. All serious adverse events
(SAEs) need to be reported to the sponsor, who deter-
mines whether or not the SAE is expected. Suspected
unexpected serious adverse reactions need to be
reported to the ethics committee, and to the Medicines
and Healthcare Products Regulatory Agency within
7 days of receipt.

In terms of monitoring, it is often said that exces-
sive on-site monitoring is not cost-effective. It is argued
that central monitoring can detect anomalies and
errors in data more cost-effectively than on-site moni-
tors (Buyse et al., 1999) and that occasionally monitors
in centres have failed to detect problems identified
using central checks (Enserink, 1996). Clearly, the
issues are complex. However, since the coming of the
EU directive, a number of helpful websites have been
set up to guide trialists through the increasing maze of
regulation, notably the Clinical Trials Toolkit (www.
ct-toolkit.ac.uk, accessed December, 2014).

Data monitoring committees: is the trial
still ethical?

As discussed earlier, a clinical trial remains ethical only
while the question being addressed remains relevant.
If there is good evidence that one treatment is better
than another, then clearly, one group of patients will be
receiving care that is known to be suboptimal, making
the trial unethical.

In some clinical trials, the strength of evidence in
favour of one treatment over another may be such that
an answer is known well before the scheduled end of
the trial. Alternatively, the safety profile of one treat-
ment may make it unacceptable. In both cases, there is
an argument to abandon the clinical trial. This is one of
the roles of the Data Monitoring Committee (DMC).
This group should be independent of the trial organis-
ers, and its job is to look at the accumulating data from
the trial in light of other external evidence (e.g. other
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trial reports and new references). If the evidence is suf-
ficiently strong and likely to change clinical practice
were it revealed to clinicians and participants, then
they can recommend closing the trial. The definition of
‘sufficiently strong’ needs to be determined before the
trial starts. There have been a number of different sta-
tistical stopping rules proposed (Ellenberg et al., 2002),
but all of them realise that periodically looking at the
data increases the chance of a chance positive result,
and they therefore require a stronger level of evidence
than p < 0.05. Some stopping rules set an extreme level
of significance (such as p <0.002) throughout the trial,
whereas others adapt depending on how close the trial
is to completion. Increasingly, trials can be stopped for
futility when there is strong evidence that the treat-
ments being compared are not materially different.
Alternatively, trials can be closed because of safety con-
cerns if the incidence of adverse events in one group
is unacceptably high, or, on occasion, if study recruit-
ment is so slow that a reliable answer is unlikely. DMCs
have another useful purpose: because interim analyses
need to be performed, the preparation of a DMC report
(which needs to be kept secret from the trial organisers,
clinicians and participants) can identify problems with
data collection methods or compliance with treatment.

Research networks

As discussed, to provide reliable results, clinical tri-
als in cancer often need to be large. This poses a chal-
lenge for researchers: how does one recruit enough
patients? One option would be to recruit over an
extended period, but by the time the results are pub-
lished, the question may no longer be relevant. A bet-
ter approach is to foster the creation of a collaborative
group to enable widespread recruitment. For example,
the NCRI/MRC trials in AML recruit widely both in
the UK and abroad. Typically, up to 200 clinicians take
part in these trials, and annual recruitment is about
1000 patients, out of an incident population of around
2000. Such commitment to recruitment enables trials
to recruit and report quickly, thereby advancing know-
ledge and practice.

Recent initiatives in the UK have recognised the
importance of collaboration, and a number of clin-
ical research networks have recently been introduced.
In particular the National Cancer Research Network
(NCRN) was set up in 2001 to improve the level of
recruitment to trials and other well-designed research.
In England, the National Institute for Health Research
(NIHR) has set up Clinical Research Networks and

employs data managers, nurses and other staff who
can provide help and support to clinical trials. These
important resources are available for trials that have
been funded through the NIHR and CRUK, as well as
for other trials that have been formally reviewed and
adopted as part of the NCRN trials portfolio. Other
NCRN initiatives include the development of a com-
puter infrastructure for clinical trials management and
the identification of areas where systematic reviews of
current evidence are required.

Health economics

There is an increasing need for research to provide
evidence of cost-effectiveness as well as clinical effect-
iveness. This is something specifically required by
NICE both in approving individual interventions for
the NHS and in its clinical guidelines programme.
Therefore, clinical trials often now include health eco-
nomic outcomes, or a parallel study may be set up in
a subset of patients or participating centres. Typically,
this will involve trying to identify and record all the
contacts that study participants have with the health
services during the trial. These can then be costed,
and the information used in combination with the
effectiveness outcomes to provide information on
cost-effectiveness. Quality-of-life data may also be col-
lected using a standardised instrument and these data
may be used to provide a utility estimate, such as the
‘quality-adjusted life-year’

Translational research

There is an increasing amount of laboratory cancer
research being carried out and with it comes the need
to determine whether novel findings in the labora-
tory can translate into testable hypotheses in patients
and ultimately improved outcomes. This ‘bench-to-
bedside’ approach should lead ultimately to the devel-
opment of targeted therapies for a wide range of
conditions. This approach can be challenging. Trials
need to be designed to collect additional disease mark-
ers to identify patients who are likely to benefit from
targeted therapies, and a concentration on specific sub-
groups of patients brings with it the problem of recruit-
ing enough patients to provide reliable and meaningful
results. Ethically, participants in trials will need to
know what samples will be taken, how these will be
stored, and how results from any samples will be used.

Additionally, gene array technology has dramat-
ically increased the number of markers available for
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analysis and is a source of hope for identifying prog-
nostic markers that can then be used to help develop
targeted therapies. Of course, the challenge, when
there are alarge number of potential markers and com-
binations of markers, is to identify which markers are
genuinely prognostic and which are merely artefac-
tual. This new area of laboratory research has led to the
development of methods for testing which avenues are
the most promising for future research. In the UK, the
network of Experimental Cancer Medicine Centres
helps facilitate translational research in cancer.

Synthesising research
results: systematic reviews and
meta-analysis

When deciding the best treatment for a particular
patient, it is important to consider all the available
research evidence. Whereas one RCT may show a
significant benefit for a new treatment, others may
not; therefore, it is important to be able to put trial
results in context. Additionally, new trials need to be
designed with reference to the findings of a system-
atic review of previous research. This will reduce the
chance of repeating previous mistakes and will also
stop unnecessary (and therefore unethical) trials
from being conducted when there is already enough
evidence about the effectiveness of a given treatment.
As the editors of the Lancet have said: ‘Unnecessary
and badly presented clinical research injures volun-
teers and patients as surely as any other form of bad
medicine, as well as wasting resources and abusing
the trust placed in investigators by their trial partici-
pants’ (Young and Horton, 2005). The journal now
requires authors to include a clear summary of previ-
ous research findings.

Of course, to summarise previous research find-
ings, the previous research must be in the public
domain. In the past, trials with negative or inconclu-
sive results were considered uninteresting and were
much less likely to be published (so-called ‘file drawer’
or publication bias; Dickersin et al., 1987). Such prob-
lems have led to the setting up of a number of online
journals where such results can be published and put
into the public domain. Otherwise, a search of the
published literature would tend only to identify tri-
als that showed significant benefits, giving an unduly
optimistic view of a treatment’s effectiveness. The issue
of ‘file drawer bias’ is very much a hot topic at present
with the launch of campaigns such as AllTrials calls

for all past and present clinical trials to be registered
and their full methods and summary results reported
(http://www.alltrials.net/, accessed January 2015).
Only by having all of the data available can a full pic-
ture of treatment benefits (or disbenefits) be seen, and
future research can then build on the totality of know-
ledge at that point in time, rather than reinventing
the wheel.

Once relevant research has been identified and
systematically reviewed for its quality, it is important
to be able to synthesise and summarise the results. In
most cases this may just be a narrative summary that
describes and comments on all the available evidence;
but it may be possible to carry out a statistical synthe-
sis. Meta-analysis is a powerful tool for doing this: it
provides quantitative estimates of a treatment’s effect-
iveness by combining data from a number of RCTs.
One advantage of doing such an analysis is that it can
identify important treatment benefits which previ-
ous trials had been too small to detect reliably. One
such example comes from the Early Breast Cancer
Trialists’ Collaborative Group meta-analysis of tam-
oxifen in breast cancer (Early Breast Cancer Trialists
Collaborative Group, 1990). Of the 28 randomised tri-
als of tamoxifen versus no treatment analysed in the
first cycle of the overview, only 4 showed a statistically
significant survival benefit. Yet,a meta-analysis of their
findings demonstrated a highly statistically significant
(p < 107°) 16% proportional reduction in mortality
achieved with tamoxifen. Previous trials had been too
small to detect such an improvement reliably. Only by
using a meta-analysis was it possible to demonstrate
the utility of a treatment that has since annually saved
many thousands of lives.

There are, however, dangers in carrying out an
inappropriate meta-analysis. If there is a large amount
of heterogeneity between trials, then merely reporting
the total treatment effect can give misleading results.
For this reason it is important to explore sources of
heterogeneity (e.g. different endpoints, doses, dos-
ing regimens, or different patient groups) to deter-
mine whether such heterogeneity materially affects
the results of the meta-analysis and the estimate of
effectiveness.

A meta-analysis or other review is only as good
as the data that go into it and needs to be continually
updated in light of new results. After a new clinical trial
has been completed, the data need to be looked at in
relation to previous trials and the impact of the results
discussed. This is best achieved by adding the trial into
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Box 7.5 Trials in context

someone else.

«  When developing the research question, conduct a systematic review or identify a relevant review done by

« Learn from the achievements (and mistakes) of past trials, but read critically.
- Discuss the findings of your study in the context of an updated systematic review.

the existing meta-analysis and interpreting any effect
that it has on the overall result. It is, after all, the total-
ity of trial data that provides the best evidence, and
overemphasis on any particular trial, even the one you
conducted, can give misleading findings. Box 7.5 gives
guidelines for putting results in context.

Assessing published reports of

research

All the ideas presented in this chapter apply equally
well to designing one’s own clinical trial as they do to
assessing other people’s research. The obvious ques-
tions that one needs to ask when reading research are
whether the results appear believable and whether the
methodology is sound. Few pieces of research are with-
out some methodological flaws (Altman, 1994), but do
these flaws invalidate the findings?

In assessing the merits of different treatments we
have already seen that different types of study carry dif-
ferent weight when making evidence-based decisions
on health care. There is a generally accepted order of
precedence (Guyatt et al., 1995).

1. Systematic reviews and meta-analyses.

2. RCTs with definitive results (based on confidence
intervals).

RCTs with non-definitive results.

Cohort studies.

Case-control studies.

Cross-sectional studies.

Case reports.

N W

Ascanbeseen, fortheresults ofan assessment of a treat-
ment to be reliable, a study needs to be randomised and
of sufficient size to provide reliable evidence. Results
need to be reported fairly, with no undue emphasis
on particular subgroups or endpoints. Faced with
a paper, it can sometimes be quite difficult to check
whether the report matches the original design of the
study. However, a number of journals now allow (and
encourage) trialists to publish their study protocols
online, allowing readers to make a direct comparison

between the results obtained and the originally pro-
posed methodology. Additionally, some of the larger
medical journals require trials to be reported accord-
ing to the CONSORT guidance (Moher et al., 2001).
Perhaps the most important aspect of the CONSORT
guidance, and the one that will be most familiar, is the
requirement to include in a paper a flowchart showing
the journey of the patient population through the trial,
showing how many patients did not receive their treat-
mentaccording to the protocol and how many patients
dropped out from (or were lost to) follow-up. However,
the CONSORT statement makes a number of other
recommendations, including the use of confidence
intervals rather than merely p-values, and reporting of
eligibility criteria, adverse events, the method of ran-
domisation and the generalisability of findings.

However, even with perfect reporting, not all ran-
domised trials are of equal quality (and, hence, equal
reliability). The trial report may demonstrate that the
randomisation sequence could have been subverted,
but CONSORT is not a device for improving the design
of trials; and a poorly designed trial may well lead to
misleading results. There are many methods of assess-
ing the quality of trials, from simple checklists to qual-
ity scores. Meta-analyses can then be performed with
reference to these quality scores to determine whether
the quality of the trial affects the result. A recent
monograph (Moher et al., 1999) concluded that more
research was needed in this area to determine the effect
that trial quality, and different assessments of trial
quality, have on systematic reviews and, ultimately, on
evidence-based practice.

Conclusions

Without proper evidence, evidence-based practice is
impossible. In assessing the effects of new treatments,
it is impossible to overstate the importance of RCTs,
and meta-analyses of such trials. However, random-
isation alone is not enough. Trials need to be well
designed, use appropriate endpoints and be properly
analysed before their results can be fed into clinical
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practice. This chapter has identified important aspects
of researching new treatments in cancer; and applying
these guidelines, together with a healthy scepticism
and one’s innate common sense, should help produce
better research and more reliable interpretations of
research. It is often said that learning from one’s mis-
takes is fruitful. Itis also true that learning from others’
mistakes is less painful, so critical reading of existing
research is a very good way of starting to design one’s
own trial.
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Introduction

An oncological emergency is an acute medical prob-
lem related to cancer or its treatment which may result
in serious morbidity or mortality if not treated quickly.
It may be secondary to a structural/obstructive, meta-
bolic or treatment-related complication (Cervantes
and Chirivella, 2004). The emergency may be the first
manifestation of malignant disease, particularly for
superior vena cava obstruction (SVCO) and malignant
spinal cord compression (MSCC).

Around 20-30% of all cancer patients suffer from
hypercalcaemia. Spinal cord compression is the com-
monest neurological complication of cancer, occur-
ing in approximately 5-10% of all cancer patients.
Thrombotic events are the second leading cause of
death in cancer patients after death from cancer itself.

Types of emergency

Metabolic emergencies include:

« hypercalcaemia,

o syndrome of inappropriate antidiuretic hormone
(SIADH).

Structural/obstructive emergencies include:

o MSCC and cauda equina compression,

« SVCO,

o raised intracranial pressure,

o acute airway obstruction,

o bleeding,

o urinary obstruction,

o cardiac tamponade,

o pain: this has been named the ‘fifth vital sign’
following pulse, blood pressure, temperature and
respiration; when pain is present it should evoke
an immediate response. Treatment of pain is
considered in Chapter 10.

« thromboembolic disease.

Acute oncology 1: oncological emergencies
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Treatment-related emergencies include:

o neutropenic fever/sepsis,

 anaphylaxis related to a chemotherapeutic agent,
o tumour lysis syndrome,

o extravasation of a chemotherapeutic agent.

Treatment overview

As with any acute medical emergency, resuscita-
tion measures may be needed to ensure that airway,
breathing and circulation are maintained. Adequate
hydration, oxygen and monitoring of fluid balance
are particularly important in patients with sepsis or
tumour lysis syndrome. Steroids are used in patients
with SVCO and suspected spinal cord compression,
although the evidence base supporting their use is
poor. Mannitol infusions may be needed for severe
symptomatic raised intracranial pressure that does
not respond to steroids. Pain, breathlessness and
distress should be treated as priorities, especially in
patients presenting with end-stage cancer and an
oncological emergency. The WHO pain ladder is a
suitable framework to guide appropriate analgesic
use. Some seriously ill patients may need to be trans-
ferred to a high-dependency unit (HDU) or intensive
therapy unit (ITU), especially those with a treatable
malignancy and a good prognosis and those who
develop complications of curative chemotherapy.
Liaison with specialist colleagues at an early stage is
recommended.

Anoncological emergency,; likeany other emergency,
requires prompt assessment and action by appropriately
experienced staff. Sometimes the emergency situation
may be predictable, in which case a previously agreed
plan of action will be helpful. Thought must be given
to the appropriateness and value of investigations and
treatment, because some patients will be in the terminal

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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phase with progressive and treatment-refractory dis-
ease. End-of-life care should be instituted rapidly as a
priority to relieve unnecessary distress.

Metabolic emergencies
Hypercalcaemia

Definition

Hypercalcaemia occurs when corrected calcium is
greater than 2.6 mmol/L. Hypercalcaemia of malig-
nancy is the commonest cause of hypercalcaemia
in inpatients. In patients with osteolytic metasta-
ses, hypercalcaemia is primarily due to increased
bone resorption and release of calcium from bone.
In patients without bone metastases, hypercalcae-
mia is secondary to circulating factors such as para-
thyroid hormone-related peptide (PTH-RP) or
1,25-dihydroxyvitamin D (calcitriol). However, it is
important also to remember that patients with cancer
may also have incidental primary hyperparathyroid-
ism (Stewart, 2005). Hypercalcaemia of malignancy
carries a poor prognosis.

Presentation

Hypercalcaemia occurs in 20-30% of patients with
advanced solid tumours. Symptoms are fatigue, anor-
exia, nausea, vomiting, abdominal pain/constipation,
polyuria, polydipsia and confusion. If left untreated it
leads to somnolence, coma and death.

Investigations

Serum-corrected calcium level, electrolytes, renal
biochemistry, phosphate and magnesium levels and
PTH. An ECG may show increased PR interval or
widened QRS.

Treatment if corrected calcium is less than 3.0 mmol/L
Asymptomatic patients with a corrected calcium of less
than 3.0 mmol/L who are about to have chemotherapy
or radiotherapy should be rehydrated, kept mobile and
monitored regularly. Patients who are symptomatic or
who are expected to have a slow response to anti-cancer
treatment should be treated as follows.

Treatment if corrected calcium is greater than or equal
to 3.0 mmol/L or patient is symptomatic
Fluid replacement:

o Giveatleast 3L NaCl 0.9% in 24 hours. Correct
hypokalaemia and hypomagnaesia if present. Be

careful to watch for fluid overload if the patient
has evidence of cardiac or renal failure. Aim for a
urine output of 100-150 mL/h.

o Stop thiazide diuretics.

o Furosemide does increase calcium excretion but
should not be given until dehydration has been
treated.

Bisphosphonates:
Bisphosphonates inhibit calcium release by inter-
fering with osteoclast-mediated bone resorption.

o Zoledronic acid has a fast onset and along
duration of action. Ensure adequate hydration,
and then give a dose of 4 mg in at least 50 mL of
either NaCl 0.9% or glucose 5% over 15 minutes.

o Monitor renal function and serum calcium,
phosphate and potassium. Be careful if there is
known renal impairment, which may require a
reduced dose or slower infusion rate.

o The side effects of bisphosphonates include
gastrointestinal upset, flu-like symptoms
and exacerbation of metastatic bone pain.
Osteonecrosis of the mandible can occur after
chronic use.

« Hypocalcaemia occurs in 50% of patients,
but it rarely causes symptoms because of a
compensatory increase in PTH levels secondary to
the decreased calcium levels.

Other drugs used less frequently for hypercalcaemia
include the following.

« Calcitonin increases renal calcium excretion and
decreases bone resorption. Salcatonin has a very
rapid onset and may be used in patients with
dangerously high serum calcium levels, regardless
of fluid status. Tachyphylaxis develops, so the
effectiveness of salcatonin is limited.

« Gallium nitrate inhibits osteosclastic bone
resporption and inhibits PTH secretion.

o Mithramycin.

« Consider dialysis in patients with severe
hypercalcaemia if the prognosis is good but
adequate hydration cannot be administered
because of cardiac or renal failure.

Syndrome of inappropriate antidiuretic
hormone (SIADH)

SIADH is caused by excess levels of antidiuretic hor-
mone (ADH), normally secondary to ectopic hormone
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production from the tumour. SIADH will lead to fail-
ure to excrete dilute urine, and so water retention and
low serum sodium levels occur. It is most commonly
associated with small-cell lung cancer (SCLC). It occa-
sionally occurs in a wide variety of other cancers and
can also be caused by chest infections, hypothyroidism
and drugs such as antidepressants, anticholinesterase
(ACE) inhibitors, cyclophosphamide and cisplatin.

Presentation

Hyponatremia is commonly defined as a serum
sodium concentration below 135 mmol/L. Patients
are often asymptomatic but may experience fatigue,
lethargy, nausea, anorexia, muscle cramps, depression
and behavioural changes; it may also be an incidental
finding. The presence of symptoms will depend on the
speed of onset and the severity of the hyponatremia.
If the serum sodium is less than 110 mmol/L, somno-
lence, depressed deep tendon reflexes, pseudobulbar
palsy, seizure, coma and death may occur.

Investigation

In patients with normal blood volume, hyponatremia
and reduced plasma osmolarity (< 270 mmol/kg) in the
presence of inappropriately concentrated urine (urine
osmolarity > 100 mmol/kg) is diagnostic of SIADH
(Bartter and Schwartz, 1967). Urinary sodium will be
high. Renal failure, hypothyroidism and adrenal insuf-
ficiency are excluded by checking biochemistry, thy-
roid function tests and a short synacthen test.

Treatment

o Fluid restriction to 0.5-1 L/day usually results in
symptomatic and biochemical improvement.

« Demeclocycline (600-1200 mg/day) should be
given if the patient does not respond to fluid
restriction alone. Demeclocycline causes a
nephrogenic form of diabetes insipidus, thereby
decreasing urine concentration. Treatment must
be continued for several days to achieve maximal
diuretic effects and renal function will need to be
monitored.

o The underlying malignancy should be treated to
reverse the cause of electrolyte imbalance.

« Inanemergency situation, such as altered
consciousness or ﬁtting, cautious administration
of intravenous 1.8% NaCl may be considered.
However, a rapid rise in sodium may cause
osmotic demyelination syndrome and therefore

the infusion should be reduced or stopped as soon
as the patient’s neurological condition improves
or a safe level of plasma sodium is reached
(> 120 mmol/L). Serum sodium levels must be
carefully monitored at frequent intervals (2-4
hourly) during infusion of hypertonic saline.

o Tolvaptan, a selective vasopressin V2 receptor
antagonist, has been licensed in the UK
since 2009 for the treatment of adults with
hyponatremia secondary to SIADH (15-60 mg
daily). Therapeutic effects are mediated through
increased loss of free water without altering
sodium excretion. Serum sodium should be
closely monitored, especially with levels below
120 mmol/L at baseline, as rapid elevation of
sodium has led to reports of demyelination
syndromes.

Structural/obstructive emergencies

Malignant spinal cord and cauda equina
compression

This condition is caused by pressure from a tumour
(growing directly between vertebral bodies or grow-
ing from bone metastases) or a collapsed vertebral
body on the spinal cord or cauda equina. This may
then cause paraparesis, or paraplegia, loss of sensation
and bladder or bowel dysfunction. It is particularly
associated with breast cancer, lung cancer, prostate
cancer and multiple myeloma. Patients at increased
risk of developing bone metastases or patients with
diagnosed bone metastases should be informed
about the symptoms of metastatic cord compression
(NICE, 2008).

Presentation

Symptoms and signs will depend on the level of com-
pression. Because the spinal cord ends at about the L1
level, compression above this point will give an upper
motor neurone pattern of weakness and below this
point, a lower motor neurone pattern. Muscle weak-
ness often occurs before sensory loss or autonomic
dysfunction (impotence, urinary or faecal incontin-
ence or retention). Approximately 60% of patients
will have pain, which may be radicular. Asymptomatic
cord compression is estimated to occur in one-third
of patients with prostate cancer and bone metastases
(Bayley et al., 2001).
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Investigation

NICE guidance recommends performingan MRI of the
whole spine within 24 hours of presentation to detect
the level of compression (NICE, 2008). Multiple levels
of compression may be found. Intravenous contrast
improves the detection of intradural and intramedul-
lary tumours.

In patients who have not been previously diag-
nosed with cancer it is important to establish a tissue
diagnosis if possible (e.g. by needle biopsy or during
surgical decompression).

Initial treatment
Initial treatment includes the following.

o Give dexamethasone 16 mg (unless
contraindicated) daily in divided doses with
proton pump inhibitor protection, reducing
the dose after a few days to avoid toxicity. If
neurological function deteriorates at any time the
dose should be reconsidered. Blood sugar levels
should be monitored.

o Prescribe adequate analgesia.

o Consider thromboprophylaxis if mobility is
reduced.

o Nurse the patient in the supine position if there is
any possibility of spinal instability.

o Patients require a multidisciplinary team
approach including specialist physiotherapy and
nursing care.

Surgery

In selected patients with a single area of MSCC from a
solid tumour, the benefit of immediate circumferential
decompression of the spinal cord followed by 10 x 3 Gy
fractions of radiotherapy has been shown to be superior
to radiotherapy alone (Patchell ef al., 2005). This study
was closed early after the accrual of 123 patients when
the surgical arm was superior at interim analysis, with
the percentage of patients retaining the ability to walk
after surgery being greater than those receiving radio-
therapy alone (84% versus 57%; p = 0.001). In addition,
10 out of 16 paraplegic patients gained the ability to
walk following surgery as opposed to only 3 of 16 in the
radiotherapy-only group. It is important that patients
need to be carefully selected for this approach. In this
study patients were included if they had a good perform-
ance status, predicted survival greater than 3 months
and had not been paraplegic for more than 48 hours.

Table 8.1 Arevised scoring system for pre-operative
evaluation of metastatic spinal tumour progression

Tokuhashi scoring criteria

General condition

Poor 0 points

Moderate 1 point

Good 2 points

Number of extraspinal bone metastases

>3 0 points

1-2 1 point

1 2 points

Number of metastases in vertebral body

>3 0 points

2 1 point

1 2 points

Metastases to the major internal organs

Inoperable 0 points

Operable 1 point

None 2 points

Primary site of cancer

Lung, osteosarcoma, 0 points

stomach, bladder,

oesophagus, pancreas

Liver, gallbladder, unknown 1 point

Others 2 points

Kidneys, uterus 3 points

Rectum 4 points

Thyroid, breast, prostate, 5 points

carcinoid tumour

Neurological deficit

Complete paraplegia 0 points

Weakness 1 point

None 2 points.

Total score Prognosis

0-8 85% of people will live less
than 6 months

9-11 73% of people will live
greater than 6 months,
and 30% of people will live
more than 1 year

12-15 95% of people will live

more than 1 year

Adapated from Tokuhashi et al., 2005.
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The Tokuhashi scoring system as shown in Table 8.1
can be helpful in making a decision for spinal surgery.
Spinal surgery should also be considered if there is a
need to obtain histology, if there is spinal instability or
if pain has not been controlled despite adequate anal-
gesia (NICE, 2008).

Role of radiotherapy

Radiotherapy is the most commonly used treat-
ment of MSCC. Patients should receive radiother-
apy as soon as is practically possible after arrival in
the oncology unit. Referrals occur most frequently
on Friday afternoons, as confirmed by a retrospect-
ive review of 443 patients treated over 10 years
(Poortmans et al., 2001). A radiotherapy technique
is as follows.

o Patient preparation, positioning and
immobilisation: patient lies prone or supine, with
arms by the side. Polystyrene knee support and/or
head support may be used.

o Localisation and target volume: simulator
films are taken at the level of spinal cord
compression. After cross-sectional imaging, the
target volume includes the level of compression
and one vertebral body above and below this
level, usually ensuring that the inferior and
superior limits cross an intervertebral space.
Typically, the field borders are defined at the
time of simulation. The centre of the field is in
the midline along the spinous processes and is
usually 8 cm wide.

o DPlan: a single posterior field is used most often.
However, upper cervical cord compression can be
treated using opposed lateral fields to avoid having
the exit beam pass through the throat and mouth.
A typical field length for a posterior treatment field
would be 10-15 cm.

o Dose, fractionation and energy: for patients with
metastatic disease, typical doses include 20 Gy
in 5 daily fractions or 30 Gy in 10 daily fractions
given as either an applied dose or prescribed at
the depth of the spinal cord (which is determined
using the MRI scan) using 6 MV photons. A single
fraction of 8 Gy may be appropriate for a patient
with poor prognosis and established neurological
deficit (see below). If opposed lateral beams are
used then the same dose may be given, but it is
prescribed to the ICRU reference point (centre

100

of the intersecting beams). For patients with
primary tumours, such as solitary plasmacytoma
of bone, a higher dose may be required with the
aim of achieving a cure.

Areas of current interest

There is no standard fractionation schedule. The
SCORAD trial is a randomised phase III trial of sin-
gle fraction radiotherapy compared to multi-fraction
radiotherapy in patients with metastatic spinal cord
compression. Patients are randomised to receive either
20 Gy over 5 fractions or 8 Gy in a single fraction. The
results of this trial are awaited.

A recent retrospective study of radiotherapy dose
has compared 8 Gy in a single fraction, 20 Gy in 5 frac-
tions over 1 week, 30 Gy in 10 fractions over 2 weeks,
and 40 Gy in 20 fractions over 4 weeks in patients
with non-small-cell lung cancer (NSCLC; Rades
et al., 2006). The functional outcome was equiva-
lent for short-course regimens (8 and 20 Gy) and for
long-course treatment, and the authors concluded
that 8 Gy in a single fraction is an appropriate dose in
patients with NSCLC who generally have a poor prog-
nosis. The outcome was related to the length of time
over which the motor deficit developed before radio-
therapy, with more than 14 days being better than a
shorter time interval. Overall there was an improve-
ment in motor function in 14% of patients, no change
in 54%, and deterioration in 32%.

Superior vena cava obstruction

SVCO is caused by compression, invasion of or, occa-
sionally, intraluminal thrombus in the superior vena
cava (SVCQ). It is most often associated with carcin-
oma of the bronchus (75%) and lymphomas (15%).
Thymoma and germ cell cancer are rarer causes.

Presentation

The onset is typically insidious over weeks and
results in the development of compensatory collat-
eral venous channels in the territory of the SVC. The
symptoms are worse on bending forwards and they
include neck and face swelling, conjunctival suffu-
sion, headache, nasal congestion, epistaxis, dizziness
and syncope. Examination reveals a non-pulsatile
raised jugulo-venous pressure, venous collaterals, arm
oedema and plethora. Occasionally sudden occlusion
occurs and the patient becomes acutely unwell.
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Investigation

SVCO is rarely an acute emergency, unless there is
associated airway obstruction and stridor, and so there
is usually time for further investigation aimed at mak-
ing a histological diagnosis (Ostler et al., 1997). A chest
X-ray often shows a widened mediastinum. A CT scan
will give information about both the site and the cause
of the obstruction, by distinguishing external compres-
sion from intravascular thrombosis. It can also give
staging information about the underlying tumour. An
attempt should be made to establish a histological diag-
nosis before starting treatment, either by CT-guided
fine-needle aspiration or biopsy or by bronchoscopy,
sputum cytology or biopsy of enlarged neck nodes.
Sometimes mediastinoscopy or thoracoscopy may be
required (Ostler et al., 1997).

Treatment
Treatment includes the following.

o Initial management: sit the patient up,
giving oxygen as required and steroids (e.g.
dexamethasone 12-16 mg daily in divided doses),
with proton pump inhibitor protection.

o Give oxygen if required.

o A superior vena caval stent can be a useful holding
measure in patients who require urgent symptom
relief, and this will often allow time to establish a
tissue diagnosis.

o Thrombosis should be appropriately treated if
present.

o Treat the underlying tumour as appropriate.
Chemotherapy is indicated for patients with
chemosensitive tumours such as lymphoma, germ
cell tumour or SCLC. Radiotherapy is the mainstay
of treatment for patients with other solid tumours.

A Cochrane systematic review concluded that
chemotherapy and radiotherapy were equally effective
at relieving SVCO secondary to lung cancer, whereas
stent insertion provided higher rates of response more
rapidly (Rowell and Gleeson, 2001). It seems appropri-
ate that highly responsive tumours (NHL, HL, SCLC)
should be treated with chemotherapy first, whereas
patients with NSCLC and severe SVCO should be
offered a stent first.

A radiotherapy technique is as follows.

o Patient preparation, positioning and

immobilisation: the patient lies supine, with a

headrest and arms by the side. If the patient is

unable to lie flat, the sitting position can be used,
with arms by the side.

o Localisation and target volume: simulated
treatment fields or, where available, CT planning
is used with the target volume to cover the SVC,
tumour and mediastinum.

« Dose, energy and fractionation: short palliative
fractionation regimens may be used (e.g. 10 Gy
in single fraction or 16 Gy in 2 fractions) if the
patient’s performance status and prognosis are
poor and if the field size is limited to 12 x 12 cm.
This may result in quick symptom relief with
minimal visits to the radiotherapy department.
Patients with localised disease and better
performance status may benefit from a higher
dose (e.g. 36 Gy in 12 fractions over 2.5 weeks) in
the hope that the tumour and symptomatic control
will be prolonged. Occasionally radiotherapy
may be given with radical intent in appropriately
selected patients such as those with NSCLC whose
disease can be encompassed in a radical volume
(as described in Chapter 31).

Raised intracranial pressure

Raised intracranial pressure (ICP) results from the
space-occupying effect of intracranial tumours, which
are most often metastatic. Other possible causes of
raised ICP in malignancy include intracranial haemor-
rhage, cerebral oedema following intracranial surgery
or radiotherapy, venous sinus thrombosis or intracra-
nial infection in an immunosupressed patient.

Presentation

Patients present with headache, nausea, vomiting, vis-
ual disturbance, seizure, ataxia and changes in per-
sonality and behaviour. Clinical findings may include
visual field loss, loss of spontaneous retinal venous
pulsations, papilloedema and sixth cranial nerve
palsy. There may be a reduced consciousness level. The
Cushing’s response (bradycardia and hypertension)
is a pre-terminal sign due to impending herniation of
the brainstem. Herniation of the cerebral peduncle can
result in hemiplegia. Focal signs may present depend-
ing on the site of the tumour.

Investigation

A CT scan of the brain will detect most brain metas-
tases. MRI has a greater sensitivity for detecting small
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metastases, meningeal disease and fourth ventricle
obstruction. In most patients who have not been pre-
viously diagnosed with cancer, efforts should be made
to obtain a histological diagnosis, especially if there is
a single brain tumour. Such cases should be discussed
with the neurosurgical team. A biopsy might not be
appropriate in frail patients who have multiple cere-
bral metastases and other possible sites of metastatic
disease.

Treatment
Treatment is as follows.

o Assess and manage airway, breathing and
circulation. Provide high-flow oxygen.

o Document the Glasgow Coma Score (GCS)
initially and reassess regularly.

o Give dexamethasone 12-16 mg daily in divided
doses with proton pump inhibitor cover.

o Ifsevere (rapidly falling GCS or moribund state),
give mannitol 0.5-1 g/kg i.v. over 15 minutes.

+ Avoid fluid overload.

o Provide analgesia for headache (paracetamol
with or without NSAID or stronger analgesia as
documented in WHO pain ladder).

o Prescribe antibiotics + antivirals + antifungals if
any suspicion of infection.

o Request platelets for transfusion if there is a
possibility of thrombocytopenia.

o Ensurei.v. maintenance fluids are not hypotonic,
i.e. use 0.9% NaCl initially.

 For specific anti-cancer treatment, if three or fewer
brain metastases are found, consider seeking a
neurosurgical opinion. Stereotactic radiotherapy
may also be considered. If there are multiple
metastases, patients who are most likely to benefit
from whole-brain radiotherapy are those who are
mobile and have had a good symptomatic benefit
from steroids. A randomised controlled trial has
shown that 12 Gy in 2 fractions on consecutive days
is not inferior to 30 Gy in 10 fractions over 2 weeks
in patients with symptomatic cerebral metastases
and poor performance status who need treatment
(Priestman et al., 1996).

Special case: obstructive hydrocephalus

Patients presenting de novo with tumours causing
obstruction to the flow of cerebrospinal fluid and result-
ing in obstructive hydrocephalus should be considered
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for neurosurgical intervention. Immediate resuscita-
tion with mannitol and steroids should be started.

Acute airway obstruction

Acute airway obstruction is blockage of the main-stem
bronchi, carina, trachea or larynx and is commonly
caused by direct tumour extension from lung cancer or
head and neck cancer.

Presentation
The patient presents with dyspnoea and stridor.

Investigation

Patients with upper airway obstruction should have
direct visualisation, laryngoscopy, bronchoscopy,
nasendoscopy or mediastinoscopy according to the
level of obstruction. Clinical clues as to the level of
obstruction include the presence of neck swelling
and stridor with upper obstruction or monophonic
wheeze (on auscultation) with lower airway obstruc-
tion. Chest X-ray or CT scan of neck and thorax or
both should be considered. Check full blood count
(FBC) because anaemia may exacerbate the dyspnoea.

Treatment
Treatment is as follows.

o Heliox (79% He, 21% O2) contains helium, which
has a lower density and therefore lower specific
gravity than oxygen, nitrogen or air. As a result,
during turbulent flow, the flow velocity will be
higher when heliox is used. This reduces the work
required to breathe when the upper airway is
obstructed.

o Consider high-dose steroids (with
gastroprotection) although there is no good
evidence of its effectiveness.

o Give nebulised bronchodilators if there is any
evidence of bronchospasm.

o Ifthe upper airway is severely compromised,
emergency tracheostomy or endotracheal
intubation may be required.

» Specific interventions should aim to diagnose and
treat the obstruction.

Interventional bronchoscopy

For the majority of patients, external beam radiother-
apy is all that is required. However, Table 8.2 shows
the options available (adapted from Freitag, 2004),
which can be combined with chemotherapy and/or
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Table 8.2 Endobronchial intervention in lung cancer

Lung pathology Endoscopicintervention

Bleeding from central
airway tumour

Argon plasma coagulator

Nd-YAG laser
Electrocautery

Intraluminal tumour

Argon plasma coagulator
Cryotherapy
Photo-dynamic therapy

HDR endobronchial
brachytherapy ('%Ir)

Intramural tumour

Extrinsic compression/
airway wall destruction

Airway stent

Adapted from Freitag (2004).

radiotherapy. These endobronchial treatments have
been reviewed by Morris et al. (2002), who concluded
that ‘good to excellent short term palliation’ may be
achieved.

External beam radiotherapy

Patients are usually treated with 20 Gy in 5 fractions to
reduce the chance of larger single fractions increasing
oedema.

Bleeding

Bleeding is more likely to occur in patients treated with
anticoagulants.

Examples

Massive haemoptysis is most commonly associated
with lung cancer, but can also occur in patients with
endobronchial metastases from carcinoid, breast,
kidney, sarcoma and colon cancers. It is defined as
expectoration of more than 100 mL of blood in a
single episode during 24-48 hours. It may be associ-
ated with respiratory difficulty and can lead to rapid
deterioration with airway obstruction, anaemia and
hypovolaemic shock. It may also be associated with
coagulation disorder, thrombocytopenia or fungal
infection.

In haematemesis, approximately 2-5% of upper
GI bleeding is related to malignancy. Even in patients
with cancer, haematemesis may be caused by benign
disease (peptic ulcer disease, oesophagitis, gastritis,

duodenitis). Mallory—Weiss tears may be secondary
to vomiting induced by chemotherapy, renal failure or
advanced malignancy (Palmer, 2004). With the move
from surgical treatment towards chemotherapy with
or without radiotherapy for the treatment of primary
gastric lymphoma (the commonest extranodal site of
NHL), the incidence of GI haemorrhage is estimated
at 5% (Maisey et al., 2004). Oesophagogastric tumours
rarely present with acute GI haemorrhage.

The Rockall score is a risk assessment tool for GI
haemorrhage (Rockall et al, 1996: see Table 8.3).
Patients with a Rockall score of 6 or more have a pre-
dicted mortality of around 50%. Multivariate analysis
identifies shock, age, comorbidity and specific endo-
scopic findings as independent variables predicting
re-bleeding and death (Palmer, 2004).

Haematuria may occur with malignant tumours
involving the genitourinary tract, but it occurs most
commonly in renal, bladder and prostate cancer.
Patients may present with asymptomatic haematuria,
associated symptoms related to the underlying cancer,
or severe pain caused by clot retention.

Assessment and investigation

Secure the airway, breathing, and circulation first.
Then:

o perform a full blood count, clotting screen and
renal and liver profile;

» performa CT scan or endoscopy (e.g.
bronchoscopy, upper or lower GI endoscopy,
cystoscopy) to establish diagnosis and identify the
site of bleeding. These tests also provide prognostic
information in the case of upper GI bleeding to
direct the appropriate level of care (Palmer, 2004);

 perform a urine or sputum microscopy and
culture as appropriate.

Treatment

For patients
intervention:

who require active resuscitation/

o secure airway, breathing and circulation;

o use fluid resuscitation with 0.9% NaCl or colloid
to restore blood pressure and urine output, which
can be monitored by measuring the central venous
pressure (CVP);

o patients with haemoglobin below 100 g/L should
receive a blood transfusion;
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Table 8.3 The Rockall scoring system

Variable Score 0 Score 1 Score 2 Score 3

Age (years) <60 60-79 >80 =

Shock None Pulse > 100 bpm, Pulse > 100 bpm, -

normal BP systolic BP <

100 mmHg

Comorbidity None - Cardiac failure, Renal failure, liver
ischaemic heart failure, disseminated
disease, other major malignancy
co-morbidity

Diagnosis Mallory—Weiss tear,no  All other diagnoses Malignancy of upper -

lesion seen, no SRH Gl tract
Major SRH None - Blood in upper -

Gl tract, adherent
blood clot, visible or
spurting vessel

BP, blood pressure; bpm, beats per minute; SRH, stigmata of recent haemorrhage. Three clinical variables (age, shock and comorbidity)
and two endoscopic variables (diagnosis and major SRH) are each categorised as shown in the table. A score of 0 to 3 points is awarded
for each category, giving a maximum total score of 11. Patients with a Rockall score of 6 or more have a predicted mortality of around

50%. Adapted from Rockall et al. (1996).

recognise and treat underlying renal
impairment, and cardiovascular or
cerebrovascular disease, because comorbid
conditions can decompensate in the presence of
acute haemorrhage;

consider tranexamic acid (with caution in
haematuria because of the risk of clot retention)
or specific measures for a bleeding disorder (e.g.
platelet transfusion, vitamin K, fresh frozen
plasma);

actively bleeding and shocked patients should be
managed in a high-dependency unit, assuming
this is appropriate for the individual patient.

Site-specific interventions include the following.
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Haemoptysis — bronchoscopy/radiotherapy as
discussed earlier.

Haematemesis options:

drug therapy (e.g. proton pump inhibitors,
somatostatin);

endoscopic therapy (e.g. direct injection of adrena-
line into bleeding ulcers, effective in 90%), fibrin
glue and human thrombin (Palmer, 2004) and heat
and mechanical devices;

radiotherapy to the tumour bed, single fraction of 8
Gy or 20 Gy in 5 fractions over 1 week.
Haematuria options:

radiotherapy to the prostate or bladder with a sin-
gle fraction of 8 Gy (or a planned volume for radi-
cal treatment);

cystoscopy with electrocautery/laser;

renal artery embolism for renal tumours bleeding
into the urogenital tract.

For patients in the terminal phase of advanced
malignancy who experience massive and uncontrol-
lable bleeding such as carotid blow-out or massive
haemoptysis, intravenous midazolam and diamor-
phine provides rapid sedation and palliation.

Urinary obstruction

This is associated with urological or gynaecological
tumours, especially carcinoma of prostate or cervix.
Recurrentrectal cancer or pelvic metastases may result
in bilateral ureteric dilatation and hydronephrosis.
Constipation is a reversible cause.

Presentation

The patient may be asymptomatic or present with flank
pain, anuria and raised creatinine. Partial obstruc-
tion may present with alternating polyuria and oli-
guria. Urinary tract infection may occur because of the
obstruction.
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Investigation

A renal tract ultrasound may show bilateral hydrone-
phrosis. A CT scan of the pelvis can be used to identify
the site and the cause of obstruction, especially a retro-
peritoneal or pelvic mass.

Treatment

Renal failure should be managed by correcting
life-threatening electrolyte abnormalities. Bladder
outflow obstruction will be relieved by insertion of a
urethral or suprapubic catheter. If the obstruction is sec-
ondary to ureteric compression, the decision whether to
place stents should take into account the patient’s per-
formance status, stage of disease, and chance of response
to anti-cancer treatment. Ureteric stents may be placed
underlocal anaesthetic or, if this is not feasible, by percu-
taneous nephrostomy. Pain and urinary tract infection
should be treated. Consider haemofiltration or dialysis
if the patient has severe uraemia or if hyperkalaemia has
not responded to treatment, depending on the patient’s
performance status and prognosis.

Cardiac tamponade

Increased intrapericardial pressure results from excess
pericardial fluid, which reduces cardiac filling and
leads to impaired blood circulation. Cardiac tampon-
ade is most commonly associated with a malignant
pericardial effusion from lung cancer, ovarian cancer
and primary cardiac tumours.

Presentation

Two-thirds of patients are asymptomatic. Symptoms
include breathlessness, chest pain, orthopnoea and
weakness. There are signs of haemodynamic comprom-
ise — raised jugulo-venous pressure (JVP), tachycardia,
hypotension, increased pulsus paradoxus and oedema.

Investigation
Two-dimensional echocardiography should be used
to diagnose the effusion, assess the haemodynamic
impact and assist with obtaining fluid for cytological
examination.

Treatment

o Oxygen therapy.

o Volume expansion with blood, plasma or isotonic
sodium chloride solution, as necessary, to
maintain adequate intravascular volume.

o Pericardiocentesis under ultrasound guidance.

o Asurgical pericardial window should be created if
fluid re-accumulates.

o In patients for whom a pericardial window is not
thought suitable, radiotherapy to the pericardium
could be considered: 30 Gy in 10 fractions over
2 weeks.

Thromboembolic disease

The pro-coagulant activity of tumour cells and treat-
ments such as chemotherapy and surgery increase
the risk of thromboembolism. If renal function is
adequate, treatment with low molecular weight hep-
arin (LMWH) should be administered for at least
three to six months provided there are no significant
complications. LMWH reduces the rate of recurrent
VTE compared with warfarin for longer term antico-
agulation in patients with cancer (Lee et al., 2003). The
placement of a vena cava filter may be considered in
patients with recurrent VTE when anticoagulation has
been optimised or is associated with bleeding compli-
cations (Farge et al., 2013).

Treatment-related emergencies
Neutropenic sepsis

Neutropenic sepsis may occur after almost any chemo-
therapy regimen, but is mainly associated with cancers
that have been treated with intensive myelosuppressive
regimens (e.g. lymphoma or leukaemia). Neutropenia
with sepsis or severe sepsis is a very serious problem
and needs to be managed as an acute emergency.

The risk factors for developing neutropenic sepsis
include age (greater than 65 yrs), poor performance
status, previous episodes of febrile neutropenia, com-
bined chemotherapy and radiotherapy, poor nutrition,
advanced disease, comorbidities and open wounds or
active infections.

The prevention and management of neutropenic
sepsis in cancer patients is outlined in NICE clinical
guideline 151 (NICE, 2012).

Patient education

Patient education is essential, and should be provided
in oral and written form. Patients receiving chemo-
therapy should be advised of the importance of recog-
nising infective symptoms and how to monitor their
temperature. They should inform the cancer centre
immediately if they develop signs of an infection or
have a temperature of > 37.5°C.
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Table 8.4 The MASCC scoring system

Characteristic Score

No hypotension 5

3 for moderate
symptoms
5 for severe symptoms

Symptoms related to this
infective neutropenic episode

No chronic obstructive 4
pulmonary disease

Solid tumour or no previous 4
fungal infection

No dehydration 3
Outpatient status 3
Age <60 yrs 2

Note: The variable ‘burden of iliness'is a subjective assessment
of the degree of symptoms experienced by the patient.
Points attributed to ‘burden of illness'are not cumulative. The
maximum theoretical score is therefore 26. Adapted from
Klastersky et al. (2000).

Presentation

Patients usually present with a raised temperature, a
history of recent cytotoxic chemotherapy and a low
neutrophil cell count. Sepsis-induced vasodilation and
hypotension can rapidly cause end-organ (renal, hep-
atic, cerebral) damage that can be fatal.

NICE recommends diagnosing neutropenic sep-
sis in patients having anti-cancer treatment whose
neutrophil count is 0.5 x 10°/L or lower and who have
either a temperature higher than 38°C or other signs or
symptoms consistent with clinically significant sepsis.

Risk of complications

Patients with neutropenic sepsis can be stratified
into those with a low or high risk of serious complica-
tions according to their MASCC score (Multinational
Association for Supportive Care in Cancer; Klastersky
et al., 2000). Age (over 60 yrs), evidence of dehydration,
hypotension, coexisting chronic obstructive pulmonary
disease (COPD), haematological malignancies with pre-
vious fungal infections, moderate to severe symptoms or
current in-patient status at time of febrile neutropenia
are all considered to be risk factors for developing ser-
ious complications. A well, low-risk patient such as with
a MASCC score of > 21 can be considered for early dis-
charge on oral antibiotics provided they are supported at
home, have a telephone, are registered with a GP and live
near a hospital (see below). Table 8.4 shows the MASCC
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scoring system. Patients who have signs of sepsis but
whose neutrophil count lies outside of the NICE criteria
may also be at risk of complications of sepsis or a fall-
ing neutrophil count and should be treated according to
local antimicrobial policies.

Initial assessment and treatment

All patients suspected of having neutropenic sep-
sis should be assessed promptly, to allow the admin-
istration of intravenous antibiotics within one hour.
Whenever possible, patients should be assessed within
a cubicle. A full history and examination should be
undertaken and patients should have 15-minute obser-
vations initially. Investigations should include FBC,
urea and electrolytes (U+E), liver function tests (LFT),
bone profile, coagulation screen, c-reactive protein
(CRP), blood cultures (from lines and peripherally),
blood sugar, lactate and an MSU (mid-stream urine). If
indicated, sputum samples, stool samples, wound swab
+ chest X-ray (CXR) should be requested.

Signs of sepsis include a temperature of < 36°C or
>38°C, tachycardia, tachypnoea, an altered mental
state, hyperglycaemia (in the absence of diabetes) or a
white cell count (WCC) >12 or < 4 x 10°/L.

Identify any patients with severe sepsis or septic
shock immediately. Septic shock is sepsis with hypo-
tension, despite adequate fluid resuscitation. It is often
accompanied by perfusion abnormalities that may
includelactic acidosis, oliguria or an acute alteration in
mental state. Hypotension is a systolic blood pressure
of less than 90 mmHg or a reduction of greater than
40 mmHg from baseline in the absence of other causes.
Patients may develop clotting disorders or become
thrombocytopenic and they need prompt resuscita-
tion, possibly including transfer to ITU/HDU. Timely
contact with intensive care specialists may help decide
whether they need intensive organ support.

Initial management of septic shock

Immediate measures include the following.

o Intravenous access with medium- to wide-bore
cannula.

o Start 1 L0.9% NaCl or 500 mL colloid over 30
minutes.

o Ifthereis evidence of hypoxia, give oxygen (24% if
COPD or previous bleomycin).

+ Investigate serum lactate, FBC, U+E, creatinine
and LFTs, clotting, glucose, line cultures, blood
cultures, blood gases and MSU.
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o Give intravenous antibiotics according to local
hospital policy within 1 hour.

o Record vital signs every 15 minutes.

o Requesta CXRif signs suggest a chest infection.

o Ifserum lactate is greater than 4 mmol/L consider
transfer to ITU/HDU.

After 30 minutes, if the patient is still hypotensive, start
1L 0.9% NaCl or colloid over 1 hour (but use caution if
there is a history of cardiac disease) and consider trans-
fer to ITU/HDU. If there is evidence of renal impair-
ment, monitor urine output via indwelling catheter.

After 1 hour, urine output should be 0.5-1 mL/kg
per hour. If it remains below this level, consider trans-
fer to ITU.

Management of neutropenic sepsis

Patients may be categorised as being high-risk or
low-risk of septic complications to determine the most
appropriate management.

Always follow the local hospital policy

For high-risk patients intravenous antibiotics should
be given within one hour according to the local proto-
col. For patients without an allergy to penicillin, start
with a first line agent such as meropenem 1 gi.v. t.d.s.
For patients with a penicillin allergy, use vancomycin
1 gb.d. and gentamicin 6 mg/kg i.v. 0.d. For those with
specific localising signs, additional antibiotics may be
added; for example, clarithromycin for chest infection.
It is important to follow local guidelines and consult
the bacteriologist. If the fever settles within 48-72
hours, the intravenous antibiotics should be continued
for an additional 24 hours. Oral antibiotics are then
given for 5 days, similar to the low-risk protocol. If the
fever persists beyond 48-72 hours, advice should be
sought from the microbiologist.

If patients have a proven intravenous line infection, are
very unwell and have a central or peripheral line i situ, or
are known to be colonised with MRSA, consider adding
vancomycin. Consider removing the catheter, and con-
tact the microbiology department to discuss test results
and possible antifungal therapy. If a pathogen has not
been isolated, additional cultures and serology are needed,
along with a CT scan of the chest and broncho-alveolar
lavage. The use of amphotericin B or antiviral agents or
non-infectious causes of fever should also be considered.

Low-risk patients who are well with a neutrophil
count greater than 0.5 x 10°/L should be treated with
oral antibiotics according to hospital guidelines and

can be considered for early discharge. Ideally these
patients should not live alone, have a telephone, live
less than 30 minutes away from a hospital and be reg-
istered with a GP.

Low-risk patients with a neutrophil count less than
0.5 x 10°/L should be admitted and observed for at least
24 hours. For patients without an allergy to penicillin,
start oral ciprofloxacin 750 mg b.d. and co-amoxiclav
625mgt.d.s.for 7 days. For those with a penicillin allergy,
use oral levofloxacin 500 mg b.d. for 7 days. Patients
should take the first dose under supervision and can
subsequently be discharged with an information sheet.

Patients with epilepsy should not be given cipro-
floxacin or levofloxacin, and patients on sodium valpo-
rate should not be given meropenem as it can increase
the risk of seizures.

Use of granulocyte-colony stimulating factor (G-CSF)

G-CSF is not used routinely in patients with neutro-
penic sepsis, but can be considered in those with a high
risk of complications (Smith et al., 2006). Such patients
include those with the following:

o profound neutropenia (ANC < 0.1 x 10°/L);

o prolonged neutropenia (> 10 days);

e pneumonia;

o hypotension;

o multiorgan dysfunction;

« uncontrolled primary disease;

o invasive fungal infections;

e age > 65 years;

o hospital inpatients at the time of developing the fever.

Prophylaxis of neutropenic sepsis

Primary and secondary prophylaxis using G-CSF is
discussed in Chapter 1.

Prophylactic antibiotics

o Arandomised double-blind placebo controlled
trial in patients receiving cyclic chemotherapy for
solid tumours and lymphoma and who are at risk
of neutropenia (< 0.5 x 10°/L) compared the use
of prophylactic levofloxacin or placebo for 7 days
during the period of neutropenia. Levofloxacin
significantly reduced the incidence of clinically
documented infection (3.5% versus 7.9%; p <
0.001) and hospitalisation for the treatment of
neutropenic infection (15.7% versus 21.6%; p <
0.004) with few adverse effects (Cullen et al., 2005).

o Arecent meta-analysis of trials of prophylactic
antibiotics in neutropenic patients has shown
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a decrease in the risk of death with their use
compared to placebo or no treatment (RR = 0.67;
95% CI 0.55 to 0.81). Fluoroquinolone prophylaxis
reduced the risk for all-cause mortality (RR = 0.52;
95% CI0.35t0 0.77) as well as infection-related
mortality, fever, clinically documented infections
and microbiologically documented infections.
The authors concluded that antibiotic prophylaxis,
preferably with a fluoroquinolone, should be
considered for neutropenic patients (Gafter-Gvili
etal.,2005).

« Patients receiving chemotherapy for solid tumour
or lymphoma and who are at risk of bacterial
infection and severe neutropenia (< 0.5 x 10°/L)
without G-CSF support should be considered
possible candidates for prophylactic levofloxacin.

Anaphylaxis related to anti-cancer drugs

Anaphylaxis is associated particularly with paclitaxel,
carboplatin and docetaxel. L-asparaginase may cause
anaphylaxis in 10% of patients treated for acute lymph-
oblastic leukaemia. When first used, taxanes resulted
in major hypersensitivity reactions in 30% of patients,
with 40% suffering mild symptoms. These reactions
were associated with fast infusion rates and usually
occurred after the second infusion, often in the first
few minutes of treatment, resolving 15-20 minutes
after stopping the infusion. Carboplatin sensitivity is
unpredictable and reactions may occur following a
prolonged course of treatment - at any time during the
infusion or indeed days following its administration.
Monoclonal antibodies such as rituximab and cetuxi-
mab may cause a cytokine release syndrome.

Presentation

Patients may present with agitation, hypotension,
bronchospasm and rash. Angioedema and urticaria,
abdominal pain, rash, chest tightness, laryngeal
oedema and tongue swelling may also occur.

Prevention

Prophylactic steroids and antihistamines reduce the
incidence of hypersensitivity reactions to taxanes and
carboplatin.

Treatment
Treat for anaphylaxis as follows.
o Stop the drug infusion.
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 Secure airway, breathing and circulation.

« Give oxygen, lie the patient flat and elevate the legs
ifhe/she is hypotensive.

o Ifthere is stridor, wheeze, respiratory distress
or clinical signs of shock, give adrenaline
(epinephrine; 1:1000 solution) 0.5 mL i.m. and
repeat the dose after 5 minutes if there is no
improvement.

o Give 10 mgi.v. chlorphenamine.

o Forall severe or recurrent reactions give 200 mg
i.v. hydrocortisone.

o Ifshock fails to respond to drug measures, give
1-2 L of i.v. crystalloid.

o Most deaths due to anaphylaxis are associated with
giving adrenaline too late.

Tumour lysis syndrome

Tumour lysis syndrome (TLS) is caused by sudden
tumour necrosis either due to treatment or occurring
spontaneously. It causes metabolic abnormalities, par-
ticularly hyperkalaemia, hyperuricaemia, hyperphos-
phataemia and secondary hypocalcaemia.

TLS is associated with chemosensitive, bulky
tumours such as high-grade lymphoma, acute leu-
kaemia and Burkitt lymphoma. It is rarely seen in
low-grade lymphomas or solid tumours. Pre-existing
renal failure may be a contributory factor.

Patients with lymphoma who have a raised lactate
dehydrogenase (LDH) (> 1500 IU/L) are likely to have
a high tumour burden and are at increased risk.

Presentation

Patients present with the following.

» Non-specific symptoms of weakness, nausea,
vomiting, myalgia and dark urine.

+ Electrolyte imbalance which can result in
arrhythmias, neuromuscular irritability, seizure
and death. Arrhythmias are a common cause of
death if left untreated.

+ Renal failure, which occurs frequently, secondary
to hyperuricaemia.

Investigation

o Checklevels of serum electrolytes, phosphate and
calcium; uric acid; acid/base balance; and renal
function.

e Monitor ECG.
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o The typical biochemical picture is
of hyperuricaemia, hyperkalaemia,
hyperphosphataemia, hypocalcaemia, lactic
acidosis and renal failure.

Prevention

o Early diagnosis requires a high level of
suspicion. In patients at particular risk, routine
uric acid and electrolyte measurements are
sensible. Correct any pre-existing electrolyte
abnormalities.

o Hydrate the patient with at least 3 L of normal
saline per 24 hours to maintain urine output
greater than 100 mL per hour with or without a
loop diuretic to maintain urate clearance.

o Give oral sodium bicarbonate to alkalise the
urine and prevent urate nephropathy in acidic
conditions.

o Iflow-risk, give allopurinol 100 mg/m? every 8
hours to prevent hyperuricaemia.

o Ifhigh-risk (pre-existing hyperuricemia or
renal impairment, high tumour burden, high
sensitivity to chemotherapy), give rasburicase
200 pg/kg o.d.

o Unfortunately, despite these treatments, 14%
of patients will still develop renal problems
(Bessmertny et al., 2005).

Treatment

o Aggressive hydration is required.

o Therapy for hyperkalaemia includes cation
exchange resins binding potassium (sodium
polystyrene sulphonate), calcium gluconate,
sodium bicarbonate to correct acidosis and
dextrose/insulin injection.

o Therapy for hyperphosphataemia and
hypocalcaemia involves oral phosphate binders
(aluminium hydroxide 30 mL q.d.s.) and calcium
gluconate (10 mL i.v. injection).

o Therapy for hyperuricaemia involves sodium
bicarbonate to maintain urine pH > 7.0 and
allopurinol 600-800 mg/day.

o When severe TLS develops, intensive care support
and continuous monitoring are necessary.

o Renal dialysis is required if hyperphosphataemia,
symptomatic hypocalcaemia, persistent
hyperkalaemia, hyperuricaemia and anuria/
oligouria, acidosis or volume overload develops.

Table 8.5 Cytotoxic agents classified according to the type of
reaction they typically produce

Class of
drug Definition Examples
Vesicant Capable of Anthracyclines
causing pain, Vinca alkaloids
inflammation, .
o . Paclitaxel
blistering, necrosis
Streptozocin
Mechlorethamine
Oxaliplatin
Mitomycin
Irritant Capable of Platinum
causing irritation compounds
and inflammation Ftoposide
Irinotecan
Topotecan
Flurouracil
Non-irritant ~ Non-irritant Cyclophosphamide
[fosfamide
Bleomycin
Fludarabine
Gemcitabine
Methotrexate

Adapted from Goolsby and Lombardo (2006).

Rasburicase is the first recombinant uricolytic agent
(urate oxidase) and it metabolises uric acid to allan-
toin, which is 5-10 times more soluble in urine than
uricacid. Ithasarole in the prevention and treatment
of TLS and is licensed for use immediately before and
during the start of chemotherapy. Rasburicase has
been shown to provide control of plasma uric acid
more rapidly than allopurinol in adults at high risk of
tumour lysis syndrome (Cortes et al., 2010).

The safety and efficacy of rasburicase is currently
being assessed and compared with allopurinol in a
phase III clinical trial (Rampello et al., 2006).

Extravasation of chemotherapy

Extravasation is leakage of intravenous drugs from a
vein into the surrounding tissue.

Presentation

Extravasation may present during the administration of
chemotherapy or later, with pain and swelling at the site
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Table 8.6 Risk factors for extravasation

Factor Description

Vein physiology Fragile, small, sclerosed

Pharmacological Duration and chemotherapy

dosage exposure to tissue

Physiological SVCO, lymphoedema,
peripheral neuropathy,

phlebitis

Radiotherapeutic Previous local radiotherapy,

radiation recall reactions

Mechanical Needle insertion technique,

multiple venepuncture sites

Adapted from Goolsby and Lombardo (2006).

Table 8.7 Antidotes for extravasation

Antidote/treatment

Topical DMSO 50%
Topical hydrocortisone
cream 1%

Cold compress

Drug

Anthracyclines

Mitomycin As for anthracyclines

Infiltrate the site with
hyaluronidase (1500 units of
hyaluronidase in 1 mL of water
forinjection) using 0.2 mL
injections over and around the
affected area

Warm compress

Topical NSAID cream

Vinca alkaloids

Platins and Infiltrate site with hyaluronidase

Taxanes Warm compression

Anti-metabolites Topical hydrocortisone cream
Cold compress

DMSO, dimethyl sulfoxide. For more details see Allwood and
Stanley (2002).

of the intravenous cannula. Most commonly, it causes
pain and localised tissue inflammation. More seriously,
it can result in ulceration, necrosis, sloughing of the
skin, damage to underlying structures and permanent
disability. Table 8.5 shows cytotoxic agents classified
according to the type of reaction they produce. The
severity of an extravasation will depend on the infusion
site, the concentration and volume of the chemother-
apy drug and the treatment given for the extravasation.
Table 8.6 shows the risk factors for extravasation.
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Treatment

Experience from case reports and small series has
resulted in the publication of guidelines for the pre-
vention and treatment of extravasation (Goolsby and
Lombardo, 2006). There are some general principles
for the management of extravasation, together with
specific measures for each chemotherapy drug. Initial
management should include the following.

o Stop infusion, disconnect tubing, but leave i.v.
cannula in situ.

o Attemptaspiration of vesicant and administer
antidote (see Table 8.7) if appropriate.

o Keep limb elevated with either cold or warm
compression as indicated (see Table 8.7 for
examples).

o Ensure adequate analgesia is provided.

o Provide full documentation and monitoring
(consider using a photograph record).

o Estimate the amount of extravasated drug.

o Consider immediate surgical opinion in cases
of extravasation of a vesicant drug or when
conservative treatment fails to improve symptoms
or tissue damage occurs.

o Arrange appropriate follow up: telephone contact
or day case review.
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Introduction

Cancer of unknown primary origin is a condition
in which a patient has metastatic tumour without
an identified primary source (NICE, 2010). Cancer
of unknown primary is an imprecise term, and it is
often applied to patients in whom limited investi-
gations have been performed. To clarify this, NICE
clinical guideline CG104 has used the terms ‘meta-
static malignancy of uncertain origin’ (MUO)), ‘provi-
sional carcinoma of unknown primary’ (provisional
CUP) and ‘confirmed carcinoma of unknown pri-
mary (confirmed CUP)’ as summarised in Table 9.1
(NICE, 2010).

For those patients whose primary tumour is iden-
tified, treatment should continue as for that individual
tumour site. But if a primary tumour is not identi-
fied after the initial investigation, treatment has to be
empirical and based on research in patients whose pri-
mary tumour is known. This chapter focuses on the
investigation of patients presenting with malignancy
of unidentified primary origin (MUO) and the treat-
ment possibilities for those whose primary tumour is
not identified after initial investigation.

Incidence and epidemiology

Cancer of unknown primary accounts for 3-5% of all
invasive malignancies in the western world (Greco
and Hainsworth, 2001; Pavlidis and Pentheroudakis,
2012) and ranks in the top 10 most common can-
cer diagnoses. In 2011, there were 9762 new cases
of cancer of unknown primary diagnosed in the
United Kingdom (http://www.cancerresearchuk.org/
cancer-info/cancerstats/, accessed December 2014).
The age-standardised rate in the UK is 10.2 per 100,000
population. The rate is higher in men than women. The
incidence of cancer of unknown primary has halved

Acute oncology 2: cancer of unknown

Najmus Sahar Igbal and Paul Shaw

in the last 20 years and most of this decrease is likely
to be due to improved detection of the primary site
using techniques such as histopathology, immunohis-
tochemistry and cross-sectional imaging, which have
resulted in patients not being registered as having can-
cer of unknown primary.

Hospital Episode Statistics (HES) data for England
(06-07) recorded a total of 25,318 episodes of care
for patients with a diagnosis of cancer of unknown
primary representing 308,359 NHS bed-days.
The majority of patients were first admitted as an
emergency.

Deaths from CUP account for 7% of all cancer
deaths (http://www.cancerresearchuk.org/cancer-
info/cancerstats/, accessed December 2014). However,
in the absence of a standard definition, the true rate
may be underestimated.

The median age at diagnosis is 65-70 years, but
patients presenting with a midline distribution of
poorly differentiated carcinoma have a median age of
39 years (Casciato, 2006; and Kramer et al., 2008).

In patients whose primary site is subsequently
identified, the commonest primary sites are the pan-
creas (20-26%), lung (17-23%), liver (3-11%), large
bowel (4-10%), stomach (3-8%), kidney (4-6%), ovary
(3-4%), prostate (3-4%) and breast (2%) (Kramer
etal.,2008).

It is important to consider the possibility of poten-
tially curable malignancies, such as germ cell tumours
or lymphoma, and the investigation of patients with
cancer ofunknown primaryisthereforelikelytoinclude
biopsy with immunohistochemistry to identify the
cell lineage, if possible. Investigations are determined
by the site of cancer, the patient’s symptoms, and the
general condition of the patient; however, an exhaus-
tive diagnostic work-up is not usually justified because
it is unlikely to influence the outcome of treatment.

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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Table 9.1 Definitions of terms used in cancer of unknown primary

Term

Malignancy of undefined primary origin (MUO)

Provisional carcinoma of unknown primary origin
(provisional CUP)

Confirmed carcinoma of unknown primary origin
(confirmed CUP)

Adapted from NICE (2010).

Definitions

Metastatic malignancy identified on the basis of a limited
number of tests, without an obvious primary site, before
comprehensive investigation

Metastatic epithelial or neuroendocrine malignancy identified
on the basis of histology/ cytology, with no primary site
detected despite a selected initial screen of investigations,
before specialist review and possible further specialised
investigations

Metastatic epithelial or neuroendocrine malignancy identified
on the basis of final histology, with no primary site detected
despite a selected initial screen of investigations, specialist
review, and further specialised investigations as appropriate

The majority of patients will have malignancy that
has arisen from an epithelial origin and hence are
regarded as carcinoma of unknown primary (CUP).
Patients whose tumours comprise non-epithelial cell
lineages (melanoma, sarcoma, lymphoma, germ cell)
are managed according to their specific tumour type
(NICE, 2010).

Risk factors and aetiology

The pathophysiology of CUP is complex and several
genetic mutations have been implicated including
MYC, RAS, EGFR, PDGFR, MET, KIT and p53. Stella
etal. (2012) have reported a mutation incidence of 30%
in patients with CUP compared with 4% for other solid
tumours.
Possible explanations for confirmed CUP include
the following.
o Previous excision of unrecognised primary sites.
o Spontaneous regression of the primary site
following metastatic spread.
o Primary site undetected because of its small size.
o Site of origin obscured by metastatic deposits.

Clinical presentation of malignancy of
undefined primary origin (MUO0)

Of all cancer patients, 15% present with symp-
toms from metastases from an unknown primary
site, but with investigations two-thirds of these
patients will have their primary tumour site subse-
quently identified (Oien et al., 2012). Presentation

is variable, depending on the site of metastasis, and
may be accompanied by constitutional symptoms of
weight loss, lethargy and malaise. The most frequent
presenting features are pain (60%), liver mass or
abdominal symptoms (40%), palpable nodal disease
(20%), bone pain or fracture (15%), chest symptoms
(15%) and central nervous system abnormality (5%)
(Casciato, 2006).

The site of metastases may provide an indication
of whether the primary lies above or below the dia-
phragm; lung metastases are twice as likely to arise
froma primaryabove the diaphragm (thyroid, breast,
parotid gland and lung), whereas liver metastases are
more common from a primary below the diaphragm
(pancreas, liver, colon and rectum, kidney, ovary,
prostate, stomach and adrenal gland) (Neumann
and Nystrom, 1982; National Cancer Institute,
www. cancer.gov/cancertopics/types/unknownpri-
mary, accessed December 2014).

The pattern of metastatic disease in cancers pre-
senting as MUOQ differs from the expected distribution
of a known primary cancer (Neumann and Nystrom,
1982). In a study of 266 patients, 48% eventually had
their primary site identified, mostly post-mortem
(Nystrom et al., 1979). It was found that bone metas-
tases occur in 4% of cases of lung cancer presenting
as MUO compared to 30-50% of cases where the pri-
mary lung tumour was known at the outset, whereas
they are more frequent in pancreatic cancer presenting
as an unknown primary malignancy. Prostate cancer
presenting as MUO is three times less likely to involve
bones compared to primary prostatic carcinoma and
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more frequently involves the lung (75%), liver (50%)
or brain (25%).

Investigation of MUO

The investigation of patients presenting with MUO
varies according to their presentation. NICE has made
anumber of recommendations as follows (NICE, 2010)

o There should be a CUP team in every cancer centre
to which the patients can be referred.

o Atwo-phase diagnostic approach is carried out
that is guided by the patient’s clinical condition.

If initial tests fail to identify a primary site then

specialised investigations are undertaken.

o Investigations are carried out if:

o the patient understands why the investigations
are being carried out;

o the results are likely to affect a treatment
decision;

o the patient understands the potential risks
and benefits of the investigations and possible
treatment;

o the patient is willing to accept the treatment.

Initial assessment

Clinical examination

Patients require a thorough comprehensive history and
physical examination including breast, nodal areas,
skin, genital, rectal and pelvic examination.

Laboratory tests

A full blood count, renal, liver and bone profiles, and

serum LDH should be done. A myeloma screen should

be carried out in patients with lytic bone disease.

Urinalysis should be performed.

Routine measurement of the tumour markers CEA,
CA125, CA19-9 and CA15-3 are usually unhelpful in
establishing the primary tumour site because they are
not truly tumour-site specific (Pavlidis et al, 2012).
However, some tumour markers may be helpful in spe-
cific situations:

o men with predominant bone metastases should
have serum PSA measured;

» serum hCG and «FP should be considered
particularly in the presence of midline nodal
disease;

o measure serum CA125 in women with peritoneal
malignancy or ascites.
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Table 9.2 Histological subtypes of MUO diagnosed by light
microscopy and their frequency.

Histological type Approximate

(light microscopy) frequency (%)
Adenocarcinoma 60

Squamous carcinoma 5

Poorly differentiated 30
adenocarcinoma, PDA

Undifferentiated 5

neoplasm: PDC, PDN

PDC, poorly differentiated carcinoma; PDN, poorly differentiated
neoplasm. Adapted from Pavlidis and Pentheroudakis, 2012.

Imaging
CXR is a rapid test which may show a lung cancer, mul-
tiple metastases or a malignant pleural effusion for
example.

CT scanning of the thorax, abdomen and pelvis is
a quick and non-invasive investigation and should be
carried out in all patients with MUO. It may identify
the primary, guide treatment and indicate prognosis.
Over the last three decades the accuracy of CT imaging
in detecting the primary site has improved.

Testicular ultrasound is carried out in men with
presentations compatible with germ cell tumours.

Other tests
Endoscopyisdoneifthe patienthasrelevant symptoms.

Biopsy

Patients with MUO should undergo a biopsy if pos-
sible. The most common histopathological findings
are adenocarcinoma, squamous carcinoma and poorly
differentiated types: poorly differentiated neoplasm
(PDN), poorly differentiated carcinoma (PDC) and
poorly differentiated adenocarcinoma (PDA), as
shown in Table 9.2. Melanoma, sarcoma and neuroen-
docrine tumours are infrequent.

For PDN, PDC or PDA further tests can pro-
vide additional information. For example, 20-70%
of patients with PDN, PDC or PDA may have unsus-
pected non-Hodgkin lymphoma that may be amenable
to potentially curative therapy (Hainsworth and Greco,
1993).Itisalso necessary to consider germ cell tumours
or neuroendocrine neoplasms where treatment may
be curative or to provide useful palliation with a sur-
vival advantage. In these circumstances, immunohis-
tochemistry (IHC) can be helpful in getting a more
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Table 9.3 Immunohistochemical biomarkers that help tumour diagnosis

Tumour type
Lymphoma CLA
Carcinoma

Sguamous carcinoma CK5, P63

Immunohistochemical biomarkers

CK;, epithelial markers: EMA, AE1/3,

ER, PgR (+), gross cystic disease fluid protein

Breast

Prostate PSA

Germ cell OCT4, PLAP, BhCG, aFP
Sarcoma Vimentin, desmin
Melanoma S-100, melan-A, HMB-45

Neuroendocrine

Chromogranin, CD56, synaptophysin

Thyroid Thyroglobulin, TTF-1
Lung TTF-1

Kidney PAX2, PAX8

Liver Hepar1, CD10, glypican-3
Adrenal Melan-A, inhibin

Mesothelioma

Ovary CA125,WT1, PAX8
Pancreas CK7,CA125
Stomach CK7,CDX2

Colon CK20

Calretinin, mesothelin, WT1

aFP, alpha feto-protein; BHCG, beta human chorionic gonadotrophin; CA, cancer antigen; CD, cluster

of differentiation; CDX, caudal-type homeobox; CK, cytokeratin; CLA, common leukocyte antigen; EMA,
epithelial membrane antigen; ER, oestrogen receptor; HMB, human melanoma black; PAX, paired box;
PgR, progesterone receptor; PLAP, placental alkaline phosphatase; PSA, prostate-specific antigen; RCCM,
renal cell carcinoma marker; S-100, S-100 calcium binding protein; TTF-1, thyroid transcription factor.
Adapted from Casciato (2006), Greco and Hainsworth (2001), Pavilidis and Pentheroudakis (2012).

precise diagnosis (Table 9.3), but it should be remem-
bered that IHC results do not always reflect the under-
lying cell type even in tumours where the primary site
is known.

It is important that the oncologist and patholo-
gist discuss the clinical and histopathological findings
in order to reach the most definitive diagnosis in the
quickest, most efficient way. Given the long list of pos-
sible IHC biomarkers, a stepwise approach is helpful.
First identify the broad cancer type (carcinoma, mel-
anoma, lymphoma or sarcoma). If carcinoma is con-
firmed, then identify the subtype with further IHC
(Oien et al., 2012). NICE guidelines suggest a min-
imum of CK7, CK20, PSA (men only), ER (women
only), PLAP and TTEF-1 for patients with adenocar-
cinoma of unknown source. Electron microscopy can
help identify secretory granules in small cell carcin-
oma, melanoma or lymphoma that would otherwise be
reported as undifferentiated neoplasm. Chromosome

analysis may be useful when IHC and electron micros-
copy are unhelpful and may identify translocations
such as t(11;22) in Ewing sarcoma and peripheral neu-
roendocrine tumours (PNET).

Specialised tests

Further investigations may be indicated, particularly
if patients have symptoms or signs that suggest a pri-
mary site, but patients with MUO are probably often
over-investigated. For example, invasive endoscopic
and laparoscopic procedures are rarely necessary if
there are no relevant clinical symptoms.

Blood tests

If not already done so, serum aFP and fhCG are car-
ried out in presentations compatible with germ cell
tumours or hepatocellular carcinoma. PSA is done if
the presentation is compatible with prostate cancer and
CA125 if compatible with ovarian cancer (including
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inguinal node, chest, pleural, peritoneal or retroperi-
toneal sites of disease).

Other tests

Endoscopy if clinically indicated and not already
carried out.

Flexible bronchoscopy with biopsy, brushings and
washings for patients with intrapulmonary nodules
who are unsuitable for percutaneous biopsy.

VATs exploration in patients with a negative
bronchoscopy and where percutaneous biopsy is not
appropriate.

For patients with malignant neck lymph nodes in
whom a head and neck primary is therefore suspected,
panendoscopy should be combined with directed
biopsies of the nasopharynx, tongue base, hypophar-
ynx and, if negative, with bilateral tonsillectomy.
Patients with occult head and neck cancers typically
have involvement of the upper neck lymph nodes, but
isolated level IV or V node metastases can also occur.
The assessment of patients with squamous carcinoma
of neck nodes of unknown primary is discussed further
in Chapter 11.

BE-FDG PET-CT should be offered to patients
with cervical lymphadenopathy with no primary
tumour identified on clinical examination or ENT
panendoscopy to identify an occult primary site,
especially if radical treatment is an option. Any
other situations where *F-FDG PET-CT are consid-
ered should be discussed with the local or network
CUP team.

Mammography is undertaken if the presentation is
compatible with breast cancer.

Breast MRI is carried out for patients with adeno-
carcinoma of the axillary nodes. This should be
arranged by the breast team if standard breast investi-
gations have not shown a primary tumour.

MRI of other sites should be undertaken only if
directed by the clinical picture.

Further pathological tests

A phase II prospective trial investigated the effective-
ness of a 92-gene reverse transcriptase polymerase
chain reaction cancer classification assay to predict the
tumour origin and to direct systemic treatment. Once
the tissue of origin was predicted, patients received
standard first-line therapy for that site. The median
survival for patients who received assay-directed
site-specific treatment was 12.5 months compared with
8.9 months reported historically (Hainsworth et al.,
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2013). However, this analysis was not randomised and
the results are not conclusive. NICE does not currently
recommend the use of gene expression to direct diag-
nosis and treatment, but the evidence may change with
more research into this approach.

Stage classification

Patients with cancer of unknown primary should be
staged according to the TNM classification of malig-
nant tumours for the most likely primary site affected
if feasible (UICC, 7th edition, 2009). As such, not all
patients are immediately classified as having stage
IV disease. It is important to note, for example, that
patients with cervical lymphadenopathy are not clas-
sified as having M1 disease unless there is also medi-
astinal lymphadenopathy or distant metastasis. The
specific presentation of favourable CUP subsets and
their treatment are summarized in Table 9.4.

Management

Little has changed since an observation made more
than 20 years ago that patients with metastatic can-
cer of unknown origin represent a therapeutic prob-
lem (Neumann and Nystrom, 1982). The US National
Cancer Institute suggests that, when a probable primary
site is found in patients who presented initially with
MUO, standard treatment for that site should be given
(www.cancer.gov/cancertopics/types/unknownprimary,
accessed December 2014). Patients with a probable pri-
mary site should therefore be referred to the appropriate
multidisciplinary team (MDT) for further management.

In an attempt to standardise the treatment of
patients with confirmed CUP for whom a primary
site is not discovered, guidelines have been written
based, where possible, on available evidence (Pavlidis
etal.,2003; Fizaziet al.,2011). Specific subsets of CUP
have been identified that are described as having a
‘favourable’ or ‘unfavourable’ prognosis. For patients
within the favourable group, there are suggested
treatments (see Table 9.4 and Figure 9.1). However,
80% of patients will be in the unfavourable group
(see Table 9.5 and Figure 9.1), and for them the most
appropriate and effective chemotherapy regimen is
unknown.

Surgery

Surgery may be useful in managing patients with
CUP, particularly those in one of the more favourable
subgroups (Table 9.4). It may also have a role in the
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Table 9.4 Standardised treatments for favourable’ CUP patients

CUP subgroup

Poorly differentiated carcinoma in midline (extragonadal
germ cell syndrome)

Woman with papillary serous or serous adenocarcinoma of
peritoneal cavity

Woman with adenocarcinoma involving axillary nodes
Squamous cell carcinoma of cervical nodes

Adenocarcinoma with colon cancer profile (CK20, CK7,
CDX2+)

Isolated inguinal lymphadenopathy (squamous cell
carcinoma)

Poorly differentiated neuroendocrine carcinoma
Man with blastic bone metastases and elevated PSA
Single metastasis only

Recommended treatment

Platinum-based regimen (germ cell)
As for FIGO stage lll ovarian cancer

As for breast cancer
Radical radiotherapy/surgery/adjuvant chemotherapy
As for metastatic colon cancer

Surgical dissection + radiotherapy

Platinum-based regimen (e.g. platinum/etoposide)
Endocrine treatment as for prostate cancer
Definitive local treatment (surgery or radiotherapy)

Adapted from Pavlidis and Pentheroudakis (2012), NICE (2010) and Fizazi et al. (2011).

management of isolated brain metastases or be used
for palliation of specific problems (e.g. prophylactic
surgery for bone metastases or epidural spinal cord
decompression). Patients with solitary tumour in the
liver, bone, brain, skin or lung should be referred to the
appropriate MDT for consideration of local treatments
because what appear to be metastases could be an unu-
sual primary tumour. There has been no direct com-
parison of different treatments for solitary metastases
(NICE, 2010). Close collaboration between medical
and surgical specialists is important to ensure the most
appropriate patient management.

Radiotherapy

Radiotherapy treatment may be indicated in a number
of circumstances including:

o aspart of standard treatment for a probable
primary cancer in patients with CUP;

 totreat squamous cell cancer of cervical lymph
nodes or isolated inguinal lymphadenopathy,
following surgical excision. The management of
squamous cancer of unknown primary in cervical
lymph nodes is discussed further in Chapter 11;

o aspalliative treatment (e.g. bone pain, epidural
spinal cord compression, SVCO).

Chemotherapy

A wide variety of chemotherapy regimens for CUP
has been reported in phase II studies, with an overall

response rate of less than 20%, and so it is not sur-
prising that an audit showed that 18 different chemo-
therapy regimens were used to treat 37 patients with
CUP (Shaw et al., 2007). Platinum-based chemo-
therapy regimens seem to give a higher response rate
than others (Kramer et al., 2008). Of the few pub-
lished randomised studies, one showed an improved
response rate of 55% when patients were treated
with cisplatin and gemcitabine (Culine et al., 2002).
A meta-analysis comparing 10 randomised phase II
trials showed no significant survival benefit from the
different chemotherapy regimens (Golfinopoulos
et al., 2009).

For patients in one of the more favourable CUP
subgroups, specific chemotherapy is suggested in
Table 9.4 and Figure 9.1.

Unfortunately, 80% patients with CUP are in the
unfavourable subgroup (Pavlidis and Pentheroudakis,
2012). Treatment in this group is palliative and may
include chemotherapy if the patient is fit enough and
is prepared to accept treatment. There is little evidence
to suggest that any particular regimen has a survival
advantage or a positive effect on the quality of life; the
choice of regimen will therefore be influenced by local
experience and practice, as well as the likely site of pri-
mary disease. Commonly used regimens include epi-
rubicin, cisplatin and 5-FU (ECF) or other infusional
5-FU-based regimens. More recent combinations
include newer agents such as capecitabine, gemcit-
abine and the taxanes.
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Figure 9.1 Diagnosticand treatment
algorithm for CUP. *Consider the value of
obtaining a tissue diagnosis if epithelial
markers are positive with radiological
evidence of malignancy, PS > 2, more
than three metastatic sites and liver

Initial presentation

History and examination
Tumour markers if clinically relevant;
PSA, CEA, CA19-9, CA125, BhCG, aFP

Further investigations:
Mammogram

—»| Gl endoscopy if symptoms/CT abnormal/iron deficient "
Chest X-ray Testicular ultrasound if markers/biopsy are suggestive metastases. S'FU_' S-fluorouracil; aFP,
CT thorax, abdomen and pelvis *—| Thyroid ultrasound if raised thyroglobulin + thyroid mass alpha feto-protein; BhCG, beta human
Biopsy* Panendoscopy + PET if cervical lymphadenopathy chorionic gonadotrophm; CA, cancer

Immunohistochemistry:
IHC minimum = CLA (lymphoma), BhCG, aFP.

Other IHC stains depend on presentation: TTF-1 (lung),

PSA (prostate), CK7 and CK20 (GI) ER and PgR (breast) antigen; CEA, carcino-embryonic

antigen; CK, cytokeratin; CLA,

common leukocyte antigen; CT,
computed tomography; ER, oestrogen
receptor; Gl, gastrointestinal; IHC,
immunohistochemistry; PET, positron
emission tomography; PgR, progesterone
receptor; PS, WHO performance status;
PSA, prostate-specific antigen; RT,
radiotherapy; TTF-1, thyroid transcription
factor 1.

CUP diagnosis

Favourable subgroup

PS>2 *—@ble subgroup

Supportive care

PSOor1

See Table 9.4

Consider chemotherapy
in exceptional cases

. Predominant liver
Predominant lung Brai tast B N
metastases rain metastases one me or
malignant ascites
] ' ¥ ¥
Platinum-based <=3 tumours: RT. Endocrine Treat with
regimen Neurosurgical therapy 5-FU-containing
(if breast or opinion or regimen
thyroid cancer stereotactic RT Consider
thought unlikely) +/- whole brain combination Consider
RT. chemotherapy possibility of liver
resection if
>3 tumour: isolated tumour
Whole brain RT
and supportive
care

Table 9.5 'Unfavourable’ CUP subgroups

with two to three brain metastases. Systemic
chemotherapy has not been shown to improve
survival in patients with multiple metastases
including brain involvement (NICE, 2010).

2. Predominant liver metastases or malignant
ascites — consider a 5-FU-based regimen, e.g.
epirubicin, oxaliplatin and capecitabine.

. Predominant lung metastases — consider a

platinum-based treatment regimen (assuming

breast or thyroid cancer thought unlikely).

Bone metastases — consider radiotherapy for

painful sites and a trial of hormone treatment

(breast or prostate cancer) or possible combination

chemotherapy. Bisphosphonates can be useful to

palliate widespread bone pain when there is no

Metastatic adenocarcinoma in liver or multiple sites
Malignant ascites (non-papillary serous adenocarcinoma)

Multiple cerebral metastases (adeno- or squamous
carcinoma)

Multiple lung/pleural metastases (adenocarcinoma)
Multiple metastatic bone metastases (adenocarcinoma)

Squamous cell carcinoma of the abdomino-pelvic cavity 3

Adapted from Pavlidis and Pentheroudakis (2012).

Patients with unfavourable CUP and performance 4.
status 0 or 1 who fall into certain subgroups may be
treated as follows.

1. Brain metastases — consider whole brain
radiotherapy + stereotactic boost for patients
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single site amenable to radiotherapy (National
Cancer Institute, www. cancer.gov/cancertopics/
types/unknownprimary, accessed December 2014).

Palliation

Early involvement of an oncologist, palliative care phy-
sician and key worker has been strongly recommended
by NICE. There s evidence that such involvement leads
to improved patient care and avoidance of unneces-
sary investigations or treatment. There is an overlap
between CUP and the acute oncology service.

Unfortunately, the majority of patients with CUP
have incurable disease at diagnosis, and the focus of
treatment should be to ensure useful palliation with
the least toxicity. Patients with unfavourable CUP and
poor performance status with either liver metastases or
more than three metastatic sites of disease are probably
best treated with supportive care alone, with palliative
radiotherapy for local symptom control.

Prognosis

One-year and 5-year survival is 16% and 8%, respec-
tively. There has been no significant change in survival
of cancer of unknown primary between 1992 and 2006.
This is in contrast with all cancer mortality in the UK,
which has reduced by 15% for men and 11% for women
in the above-mentioned time period.

The overall median survival in a study of 657 can-
cer of unknown primary patients in whom just fewer
than 50% underwent chemotherapy was 11.0 months
with only 1.5% alive at 5 years (Abbruzzese et al.,
1994). Patients in a good prognostic group (PS 0 or
1 without liver metastases), intermediate prognostic
group (PS > 1 or liver metastases) or poor prognostic
group (PS > 1 and liver metastases) had a median sur-
vival of 10.8, 6 and 2.4 months, respectively (Culine
et al., 2002; van de Wouw et al., 2004). Perhaps not
surprisingly, patients treated with radiotherapy do
not have a significantly better survival (median sur-
vival = 3.0 months (95% CI 1.8-4.2)) than those who
had no radiotherapy (median survival = 2.0 months;
(95% CI 1.2-2.7) months, p =0.135; Shaw et al., 2007).

Prognostic factors

Poor prognostic factors include the following (Pasterz
etal., 1986; Culine et al., 2002; van de Wouw et al., 2004;
Pavlidis and Pentheroudakis, 2012):

o more than three metastatic sites;

e PS2ormore;

o male;

o non-lymph node metastases;

« raised LDH, lymphopaenia, low serum albumin;
« ‘unfavourable’ CUP subgroup (see Table 9.4).

Current trials

CUP-One trial is a phase II multicentre UK-based
trial which prospectively analysed new tools in diag-
nosis such as molecular profiling, metabonomics of
blood and urine for response and toxicity prediction
and a proposed immunohistochemistry classifier. The
second part of the trial is to establish the effective-
ness of ECX (epirubicin, cisplatin and capecitabine)
chemotherapy. This trial has recently closed and will
set the scene for future research in CUP.

Areas of current interest

In the future, the treatment for patients with cancer
of unknown primary is likely to move away from that
based on the most likely anatomical site of origin to
one based on molecular profiling predicting treatment
response.
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Palliative care

Introduction

Changing role of palliative care in oncology

The World Health Organisation (WHO) defines pal-
liative care as ‘the active total care of patients whose
disease is not responsive to curative treatment, where
control of pain, of other symptoms and of psycho-
logical, social and spiritual problems is paramount
with the achievement of the best possible quality of
life for patients and their families as the goal’ (World
Health Organisation, 1990). Palliative care should now
be considered an integral part of service planning and
care delivery in oncology.

This chapter covers common problems in symptom
control, communication, ethical decision making, and
the financial difficulties of patients with advanced cancer.

Changing model of palliative care

Intheold model ofthe cancerjourney (Figure 10.1(a)),
palliative care services would only be involved at the
end of life when no further oncological or supportive
treatments were available. This was a ‘terminal care’
service for those clearly at the end of life. However, the
symptoms that were being controlled occur not only at
the end of life but also to different degrees throughout
the cancer journey. The new model (Figure 10.1(b))
attempts to dovetail palliative care with active treat-
ment, gradually increasing its involvement as active
treatment becomes less appropriate. Some patients,
such as those with carcinoma of the pancreas, are
likely to need palliative care input early in their illness.

Pain control

Pain is an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue dam-
age. It is experienced by up to 70% of patients with

. Siwan Seaman and Simon Noble

(a)

Terminal

Anti-cancer treatments care

f f

Diagnosis Death

(b)

Anti-cancer treatments

Palliative care Grief

f f

Diagnosis Death

Figure 10.1 (a) Traditional model of palliative care showing
set point at which active treatment ceases and comfort-only
begins. (b) Current model of palliative care showing the gradual
introduction of increasing palliative care as active treatment
becomes less appropriate.

advanced cancer and of these, one-third have a single

pain, one-third have two pains and one-third have

three or more pains (Royal College of Physicians,

2000). Pain may be:

o related to the cancer itself (e.g. metastatic bone pain);

« treatment-related (e.g. neuropathy secondary to
chemotherapy);

o related to cancer and debility (e.g. constipation);

o unrelated to the cancer (due to another coexisting
condition) e.g. osteoarthritis.

Pharmacological methods

The WHO analgesic ladder (World Health
Organisation, 1990) is very useful in managing cancer

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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Table 10.1 The World Health Organisation (WHO) analgesic ladder

Table 10.2 Adjuvantanalgesics

Drug type

Non-steroidal anti-inflammatory drugs (e.g. diclofenac 50 mg t.d.s.)

Corticosteroids (e.g. dexamethasone 8-16 mg daily)

Anticonvulsants/antidepressants (e.g. gabapentin 100-300 mg nocte,

amitriptyline 25 mg nocte)

Bisphosphonates (e.g. pamidronate, zoledronate)

pain. It can alleviate pain in more than 80% of patients
by starting at a level most appropriate to the patient’s
pain and increasing in steps until adequate analgesia
is achieved (Table 10.1). Adjuvant analgesics may be
used at any point depending on the type of pain the
patient is experiencing; an adjuvant analgesic is a drug
whose primary indication is for something other than
pain but which has an analgesic effect for certain types
of pain (Table 10.2).

When starting someone onan opioid, itisimportant
to prescribe regular laxatives and a suitable anti-emetic
(such as haloperidol 1.5 mgnocte). Patients should also
be written up for adequate breakthrough analgesia,
which amounts to one-sixth of the total dose of mor-
phine prescribed for 24 hours (Fallon and McConnell,
2006; see Tables 10.3 and 10.4 for breakthrough doses
and conversions to other opiates).

Opioid toxicity
Morphine undergoes glucuronidation in the liver
and is then excreted through the kidneys. Renal

122

Step Severity of pain Analgesia Examples
Step 1 Mild Non-opioid + adjuvant Paracetamol
Step 2 Mild to moderate Weak opioid Codeine
+ non-opioid Dihydrocodeine
+adjuvant
Step 3 Moderate to severe Strong opioid Morphine
+ non-opioid Fentanyl
+ adjuvant Oxycodone
Hydromorphone

Indication - examples
Bone metastases

Liver capsule pain

Soft tissue infiltration

Raised intracranial pressure
Soft tissue infiltration

Liver capsule pain

Nerve compression

Nerve compression or infiltration
Paraneoplastic neuropathies
Malignant bone pain

impairment and/or dehydration may lead to accumu-

lation of opioid metabolites and opioid toxicity, which

commonly results in cognitive impairment and confu-
sion (Hall and Sykes, 2004). Other causes of confusion
such as hyponatraemia, cerebral disease, infection and
hypercalcaemia should be considered and excluded.

The other features of opioid toxicity include the
following:

o+ pinpoint pupils;

« myoclonus/metabolic flap;

+ visual hallucinations. Patients typically see dark
spots in the periphery of their vision and may
think they have seen animals run under the bed;

o drowsiness (severe toxicity);

o respiratory depression (severe toxicity).

Non-pharmacological methods

Wherever possible, non-pharmacological methods
of analgesia should be considered. There are many
options available and their use is likely to depend on:
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Table 10.3 Morphine doses and conversion

Breakthrough dose of morphine = total dose of morphine in 24 hours, divided by 6 e.g. for someone on MST 60 mg b.d.

(i.e. total 24-hour dose = 60 mg x 2 = 120 mg):

Breakthrough dose = {60 mg x 2} + 6 =120 mg + 6 =20 mg p.r.n.

Converting oral morphine to subcutaneous diamorphine via syringe driver

Take the total 24-hour dose of morphine and divide by 3 (subcutaneous diamorphine is three times as potent as oral

morphine), e.g. for someone on MST 60 mg b.d.:

Subcutaneous diamorphine dose = {60 mg X 2} + 3 =40 mg diamorphine s.c. over 24 hours

Table 10.4 Morphine potencies

Oxycodone is twice as potent as oral morphine (e.g. 10 mg oxynorm = 20 mg oromorph)

Tramadol is stronger than you think! 100 mg tramadol g.d.s. = 80 mg oral morphine =40 mg MST b.d.

Co-codamol 30/500 2 tabs. .d.s = 24 mg morphine

Table 10.5 Non-pharmacological methods of pain control for cancer patients

Procedure Indication

Radiotherapy

metastases
Transcutaneous electrical
nerve stimulation

Nerve blocks
nerve distribution

Epidural/intrathecal

analgesia plexopathies

Orthopaedic stabilisation

Commonly used for pain from bone

Used as an adjuvant to other analgesics
For neuropathic pain in clearly identifiable
For complex cord-related pains and

Useful for incident pain (pain on

Other importantissues

Useful for opioid-sparing

Need for transfer to oncology department
Requires expertise of physiotherapist

Anaesthetic involvement required
Anaesthetic involvement essential. Ongoing

care difficult if an indwelling catheter is used
Orthopaedic opinion required

movement), e.g. vertebral disease or
prophylaxis of fracture in long bones with

metastases
Vertebroplasty

Useful for stabilisation and analgesia of pain

Radiological expertise required

related to vertebral metastatic disease

o theneeds and views of the patient and carers,

o the experience of the referring physician,

o theavailability of the procedure,

o available expertise (e.g. nursing staff) to manage
the intervention.

Table 10.5 shows examples of non-pharmacological
methods of pain control.

Anti-emetic prescribing

Numerous neurotransmitter receptors are involved in
transmitting the impulses connected with nausea and
vomiting to the vomiting centre (VC) and chemorecep-
tor trigger zone (CTZ) in the midbrain (Mannix, 2006).

Chemical triggers (such as drugs, metabolites
and toxins) are detected at the CTZ, whereas the VC
receives input from stretch receptors on nerve ter-
minals (e.g. from the liver capsule being stretched
by metastases or bowel dilatation due to obstruction
(Baines, 1997)) as well as input from higher mental
centres (e.g. pain, fear memory) and integrates these
with input from the CTZ.

Different anti-emetics block different receptors
and the choice of anti-emetic should be guided by
the underlying cause of vomiting (Glare et al., 2004;
Rhodes and McDaniel, 2001; Tables 10.6 and 10.7).

When managing a patient with nausea and
vomiting:
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Table 10.6 Different anti-emetics

Drug

Metoclopramide
antagonist

Haloperidol
anti-emetic effect

Cyclizine Histamine (H,)

antagonist. Anti-muscarinic (ACh,,).

Centrally acting

Ondansetron or granisetron
(Very constipating)
Aprepitant

Table 10.7 Choices of anti-emetics

Cause of vomiting Choice of anti-emetic

Drug/toxin/metabolic

Radiotherapy Haloperidol

Chemotherapy

Bowel obstruction

Delayed gastric emptying
Raised intracranial pressure

identify possible causes;

consider the probable pathways and
neurotransmitters involved to choose the most
appropriate anti-emetic;

use an anti-emetic regularly and titrate the dose,
considering alternatives to the oral route if
necessary;

when using combinations of drugs, remember
potential interactions (e.g. metoclopramide

and cyclizine may have an antagonistic effect;
using haloperidol and metoclopramide together
increases the risk of extrapyramidal side effects);
consider non-pharmacological measures such

as relaxation, acupuncture, and providing small
frequent meals that do not have extremes of taste
or smell.

Mechanism of action

Haloperidol, levomepromazine

Cyclizine, dexamethasone

Prokinetic, weak dopamine (D,)

Dopamine (D,) antagonist. Good central

Serotonin (5-HT) antagonist

Neurokinin I (NK) antagonist

Metoclopramide, domperidone

Clinical uses

Gastric outflow obstruction
Upper Gl bleed

Liver metastases

Carcinoma head of pancreas
Metabolic causes of nausea:
Hypercalcaemia

Uraemia

Antibiotics

Opioids

Central causes

Raised intracranial pressure
Motion sickness/vestibular problems
Chemotherapy-induced nausea

Chemotherapy-induced nausea

Ondansetron, dexamethasone, metoclopramide, aprepitant

Cyclizine, hyoscine butylbromide, octreotide, corticosteroids

Constipation

Constipation is a common symptom facing cancer
patients and should be prevented because it can cause:

Consider and, if appropriate, treat the cause of the

abdominal pain and colic;
intestinal obstruction;
confusion;

urinary retention;
overflow diarrhoea.

constipation:

drugs (e.g. opioids, tricyclics, antacids,
phenothiazines);

dehydration;

abdominal wall muscle paresis (e.g. from spinal
cord compression);
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o hypercalcaemia;
o primary or secondary bowel disease.

General measures such as increasing fluid intake, a
high-fibre diet and improved mobility should be intro-
duced. Various laxatives are available and should be
chosen for either bowel stimulation or stool softening.
Typical starting doses are given but should be titrated
up to achieve appropriate results:

o senna (stimulant) 7.5 mg p.o. once a day;

o bisacodyl (stimulant) 5 mg p.o. once a day;

o sodium docusate (softener) 200 mg p.o.
twice a day;

o lactulose (osmotic) 10 mL p.o. twice a day;

« magnesium hydroxide (softener) 10 mL p.o.
twice a day;

o co-danthramer (softener and stimulant) caps or
suspension twice a day.

There is no evidence to favour the use of one laxative
over another and the choice of laxatives varies in dif-
ferent units (Candy et al., 2015). It is our practice to use
a combination of softener and stimulant in advanced
cancer patients, e.g. start with a combination of senna
and magnesium hydroxide, with a typical dose of 10
mL of each, twice a day, although the choice of laxative
should be based on individual patients.

For patients with opioid-induced constipation
the opioid antagonists methylnaltrexone (s.c.) and
naloxegol (p.o.) are licensed for use in patients with
‘advanced illness’ who have failed to respond to other
laxatives. They do not readily cross the blood-brain
barrier and therefore do not interfere with analgesia
and have both been found to be effective compared
with placebo, although are contraindicated in cases of
known or suspected bowel obstruction.

Important points

Co-danthramer can cause a sore perianal rash and

colours the urine orange. It is not recommended in

bed-bound patients, especially those with catheters.
Docusate acts as a softener at 200 mg twice a day, but

has softener and stimulant properties at higher doses.

Diarrhoea

Consider and treat the causes of diarrhoea. Causes of
diarrhoea include:

o infection, e.g. Clostridium difficile;

o radiotherapy (abdominal/pelvic);

o drugs (e.g. NSAIDs, laxatives, antibiotics);

 faecal impaction resulting in overflow diarrhoea;

o malabsorption, secondary to carcinoma of head of
pancreas, gastrectomy or ileal resection;

o colonic or rectal tumours.

Do not forget that opioids cause constipation and
that diarrhoea may occur after decreasing the dose or
converting to an alternative opioid such as fentanyl.
General measures include increasing fluid intake. For
symptomatic control of diarrhoea, once infection has
been excluded, consider the following:

o codeine 30 mg p.o. four times a day;

« loperamide 2 mg (1 capsule) p.o. four times a day.
Increase dose to 16 mg daily although higher doses
have been reported;

o octreotide 300 pg s.c. in 24 hours; up to 1200 pg in
24 hours.

Anorexia and dysphagia

Dysphagia occurs in more than 20% of patients with
advanced cancer. The causes are often complex, but
may involve alterations in oro-oesophageal anatomy,
oral mucosa, paresis of cranial nerves IX, X and XI,
and higher cortical functioning (the cerebral cortex is
involved in the control of swallowing). A careful his-
tory and examination to find reversible causes of dys-
phagia is essential. The following causes of dysphagia
in advanced cancer should always be considered:
 obstruction in the oropharynx;
« external compression;
o upper motor neurone damage (e.g. cerebral
metastases);
o cranial nerve involvement (e.g. metastases at the
base of the skull);
« mucosal inflammation (e.g. radiotherapy,
infection);
o drymucosa (e.g. antimuscarinic drugs).
The anorexia/cachexia syndrome is very common in
cancer patients and it results in decreased appetite,
weight loss, decreased energy levels and weakness. The
pathophysiology is complex and involves alterations of
metabolic, neurohormonal and anabolic mechanisms.
Its management should include treating the reversible
causes of anorexia, such as nausea, and using appetite
stimulants. Corticosteroids and progestagens have
been used, but there is no strong evidence that their
use improves lean body mass or outcome. Nasogastric
feeding may be used for carefully selected patients.
The decision to offer nutritional support should be a
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multidisciplinary one, involving the patient, their car-
ersand the dietician. As yet, there are no studies to sug-
gest that enteral feeding alters the clinical outcome or
quality of life for these patients.

Pleural effusions

Malignant pleural effusions occur in up to 15% of can-

cer patients, with lung and breast cancers accounting

for more than two-thirds of cases. When the primary

tumour is chemosensitive, patients with malignant

pleural effusions may be treated with systemic chemo-

therapy. However, the mainstay of treatment is symp-

tomatic drainage.

Several options are available:

o Repeated thoracocentesis.

o Drainage and chemical pleurodesis.

o Chronic indwelling pleural catheter.

o Pleuroperitoneal shunt.

The first two are the most commonly used. However,

before embarking upon a potentially dangerous pro-

cedure, consider the following questions.

1. Does the effusion account for the patient’s
symptoms?

2. Isthe effusion recurrent?

Is the patient well enough for the procedure?

4. Isthelunglikely to re-expand?

»

Ascites

Up to 50% of patients with malignancy will develop
ascites, especially those with cancer of the ovary, GI
system or breast. Ascites is associated with a poor prog-
nosis and it is likely to recur after drainage. Whenever
possible, the cause of the ascites should be established
because it may be due to peritoneal seeding, intrahe-
patic disease or lymphatic obstruction from retroperi-
toneal disease.

The main medical treatment is spironolactone
(100-400 mg/day) with a loop diuretic such as furo-
semide (40-80 mg/day). Although this management
may delay or prevent the need for paracentesis, it must
be done with care because depleting the intravascular
volume may precipitate renal failure.

Paracentesis has been shown to reduce hospital stay
when compared to medical treatment for large-volume
ascites. Draining the ascites relieves the symptoms but
may precipitate hypovolaemia. Therefore, the fluid
should be drained slowly over several hours, clamping
the drain for 1 hour after every litre. For this reason
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many centres are now inserting permanent indwelling
peritoneal catheters which allow regular drainage of
smaller volumes, also avoiding the need for frequent
admissions. The use of albumin replacement therapy
is not recommended in patients with advanced cancer
because it has little sustained effect on long-term albu-
min levels and there is an increased risk of pulmonary
oedema.

Psychological symptoms
Anxiety

Anxiety is apprehension of danger and dread
accompanied by restlessness, tension, tachycardia
and dyspnoea without a clearly identifiable cause
(Cathcart, 2006).

Anxiety may be severe and may also make other
symptoms such as pain, breathlessness and nausea
worse. It is important to address the underlying factors
such as pain or drug withdrawal (including alcohol or
nicotine). If nicotine withdrawal is suspected, nicotine
patches may be used.

Psychological treatment, such as cognitive behav-
ioural therapy, can help patients to identify the thoughts
that cause them distress and find ways of challenging
them before the anxiety gets worse (Greer et al., 1992;
Meyer and Mark, 1995).

Drug treatment includes the use of benzodiaz-
epines (e.g. diazepam 1-5 mg orally) as required.
Selective serotonin reuptake inhibitors may be used to
relieve panic attacks if benzodiazepines are ineffective
and tricyclic antidepressants in low doses can also be
used. Complementary therapies such as aromather-
apy may also help the patient (Candy et al., 2012).

Depression

Depression is a temporary mental state or chronic
mental disorder characterised by feelings of sadness,
loneliness, despair, low self-esteem and self-reproach.
Although as many as 69% of patients with advanced
cancer may experience depression, they are often not
treated adequately (Endicott, 1984; Barraclough, 1997;
Lloyd-Williams et al., 1999).

Many of the symptoms (e.g. fatigue and loss of
energy) usually used to diagnose depression are very
common in cancer patients and so diagnosis can be
difficult. Also, thoughts of death may be realistic and
a basis for appropriate planning. A number of substi-
tute symptoms have therefore been suggested for the
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diagnosis of depression in patients with advanced
malignant disease: social withdrawal, pessimism
and lack of reactivity. The single question ‘Are you
depressed?” has been found to have a high sensitivity,
specificity and positive predictive value in some studies
but not in others (Lloyd-Williams et al., 2003).

Confusion and delirium

Delirium is characterised by global cerebral dysfunc-
tion and by alowered level of consciousness, combined
with disturbed attention, thinking, memory, psy-
chomotor behaviour, emotion and sleep-wake cycle
(Lawlor et al., 2000).

Delirium is present in up to 42% of patients with
advanced cancer. It may often complicate care at the end
oflifebecause patientsare often unable to giveahistoryor
accurately communicate their symptoms. Furthermore,
delirium generates distress for patients and their fam-
ilies and impedes communication between them.

Managing patients with delirium in the palliative
care setting should follow a stepwise approach.

1. Identify the underlying cause and decide whether it
is reversible.

2. Identify precipitating and perpetuating factors (e.g.
hypercalcaemia or infection) and decide whether
they are treatable.

3. Use environmental strategies such as reassurance,
re-orientation, the presence of familiar staff and
family, limit staff changes and reduce the amount
of noise stimulation.

4. Anti-psychotic agents are considered the
first-line treatment, with haloperidol being the
most commonly used. Be aware of the risk of
extrapyramidal side-effects (EPSE), especially in
the elderly. Newer anti-psychotics carry a reduced
risk of EPSE although risperidone and olanzapine
should be avoided in older patients with
cerebrovascular disease (Breitbart et al., 1996).

5. Benzodiazepines carry a risk of paradoxical
agitation and as such are less favoured, especially in
the elderly, unless alcohol withdrawal is suspected
as the cause of the delirium.

Syringe drivers
Syringe drivers are not just for dying patients. They can
also be used for patients who:

o areunable to swallow;
o are nauseated;

 have poor absorption because of bowel stasis,
pancreatic dysfunction or hypoalbuminaemia,
which can cause oedema of the bowel mucosa;

« aretooill to take medicines.

Syringe drivers can be used to control pain, nausea,

restlessness and colic. It is important that, when com-

binations are used, the drugs are compatible and do not

crystallise. The following commonly used drugs can be

mixed together in a syringe driver:

o diamorphine,

o haloperidol,

o cyclizine,

« hyoscine hydrobromide,

« midazolam,

« levomepromazine,

o metoclopramide.

A useful website for checking drug compatibilities in

syringe drivers is http://book.pallcare.info (accessed

August 2015).

Care in the last 48 hours of life

End-of-life care continues to be the topic of debate
and scrutiny. At the time of writing, the role of ‘Care
Pathways’ for end-of-life care remains unclear.
However, the principles of caring for the dying patient
are unchanged. If all reversible causes of deterioration
have been excluded and the clinical team agrees that the
patient is dying, the following should be considered.
« Rationalising non-essential medicines, e.g. statins.
« Ensure you write up as required medicines for all
symptomatic eventualities:
o pain - s.c. diamorphine or morphine;
o agitation - s.c. midazolam;
o death rattle - s.c. hyoscine hydrobromide;
o nausea - s.c. cyclizine.
o Ifthe patient is on regular analgesics/anti-emetics,
convert these to a syringe driver.
o Communicate regularly with the patient’s family.

Communication issues

The need to communicate sensitive and often upsetting
information is not exclusive to palliative medicine. It is an
integral part of all healthcare professionals’ practice, and
breaking bad news and handling difficult questions occur
commonly in the day-to-day practice of the oncologist.
Whether communication occurs within a busy outpatient
clinic or on an inpatient ward round, there are several key
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principles that should form the framework of any difficult
consultation. The following 10-step approach can be used
asa guide to breaking bad news.

1. Preparation.

o Know all facts before the meeting.

o Who does the patient want to be present?

o Ensure that another health professional (such
as a nurse) is present.

o Ensure that there is no interruption and you
leave your pager with someone.

o Ensure that there are enough chairs for
everyone.

2. What does the patient know?

o Assess what the patient understands is
happening at the moment.

o Ask for the the patient’s narrative of events.
This will give you an idea of how much the
patient knows, and his or her preferred
vocabulary, etc.

3. Is more information wanted?

o Test the waters.

o Be aware that it may be frightening for a
patient to ask for more information.

o Ask, ‘Would you like me to explain a
bit more?’

4. Give a warning shot.

o Perhaps start by saying Tm afraid it looks
rather serious’

o Allow time for the patient to respond.

5. Allow denial.

o Denial is a powerful coping mechanism.

o Denial allows the patient to control the
amount of information received.

6. Explain (if requested).

o Narrow the information gap.

« Give the information slowly, step by step.

o The details may not be remembered, but the
way you do it will be.

7. Listen to the patient’s concerns.

o Allow time for the patient to express his or her
feelings.

o Perhaps ask, ‘What are your main concerns at
the moment?’

8. Encourage the patient to express his or her feelings.

o This is important because it shows your
empathy.

o Perhaps say, “This must all have come as a bit
of a shock for you!
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9. Summary and plan.
o Summarise concerns, plan treatment

and foster hope. When someone is given
devastating news, it is worsened by the
thought that there is nothing that can be
done. False reassurance is inappropriate,
but offering hope in the form of an active
approach to symptom control, goal-setting
and making realistic plans offers some control
in a distressing situation. Some clinicians will
make a record (written or recorded) of the
consultation for the patient to keep and review
at a later occasion.

10. Offer your availability.

 The patient may need further information
because he or she may not have remembered
all the details.

o The patient may need continuing support
because psychological adjustment may take
weeks or months.

The following are a number of mistakes commonly
made during the consultation.

o Not checking prior knowledge.

o Using jargon.

» Giving too much information too quickly.

» Not allowing for silence.

+ Showing discomfort when the patient is
distressed.

Not checking prior knowledge

One of the commonest mistakes is not checking what
the patient already understands about his or her con-
dition. Do not assume anything. Just because one of
your colleagues has documented that the patient has
been fully informed about the diagnosis and prognosis
does not mean he or she has understood or retained
the information. Studies have shown that patients can
recall only 30% of what is said to them in a consultation
and soitisalwaysimportant that you check beforehand
what they know.

Using jargon

When we feel uncomfortable in a consultation,
we tend to use more and more technical words to
re-establish our status and importance. This com-
monly happens when patientsbecome upset or angry.
Jargon puts up a barrier between us and the patient,
reducing the likelihood of clear communication.
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Giving too much information too quickly

The main task in breaking bad news is taking a patient
from a point where he or she knows nothing to a point
where he or she understands everything, if he or she
wants to. The skill is in slowing down the transition
of information so that the patient can handle it. Too
much too soon will lead to psychological disturbance
and possibly denial. The ‘warning shot’ technique helps
test the water and find out how much the patient will
allow you to tell. Sometimes the patient will make it
quite clear that they do not want any more information;
this wish should be respected.

When talking to relatives, the principles of commu-
nication are the same as talking with patients. However,
it is important to acknowledge that their agenda or
concerns may differ from those of the patient. Anger
and distress are frequently encountered and should
be handled sensitively and calmly. Listening to and
addressing each of their concerns is essential, although
your duty of care must always remain with the patient.
Don't forget that you must respect the patient’s right to
confidentiality and discuss his or her care only if given
permission to do so.

Not allowing for silence

If there is an uncomfortable pause, we may feel that
we have to fill the silence with more information or
an inappropriate comment - this should always be
avoided. Silence is a valuable tool in communicating.
It helps by showing that you are listening and by giv-
ing the patient time to assimilate the news, to react to
it and to ask questions. As a patient once explained,
‘When you give me bad news, you will pause and all
you can hear is silence. Well, all T hear is noise; it’s just
that it is internal. When you speak you are interrupt-
ing me getting my head together’

Discomfort with patient distress

BAD NEWS IS BAD NEWS! YOU CAN’T TURN IT
INTO GOOD NEWS!

By definition, bad news is going to upset the
receiver. If a patient cries, he or she is expressing an
appropriate emotion in response to devastating news,
and we need to be comfortable with that. The prob-
lem is that we may feel guilty that we have made them
cry and may feel compelled to say something to ‘make
it better. What happens in practice is that we end up
giving patients false hope or reassurance, which often

makes it harder for them to come to terms with their
illness later on. Sometimes it will pave the way for a
highly complicated bereavement.

Financial considerations

The impact of advanced cancer is not limited to the
physical and emotional. Patients and families com-
monly experience financial difficulties, especially
when the patient or main carer is self-employed. The
role of the welfare rights adviser as part of the MDT
is important in ensuring that financial aspects of the
patient’s life are addressed. Simple things like accessing
critical illness payments and pension plans, and arran-
ging mortgage payment holidays, can all contribute to
making life more manageable. Most patients will be
entitled to financial assistance in the form of benefits.
In assessing someone for benefits, there are several
things that must be considered:

o the patient’s age (i.e. whether he or she is younger
or older than 65);

o the patient’s prognosis (i.e. whether his or her
prognosis is less than 6 months).

Commonly claimed benefits follow below.

Attendance allowance is paid to individuals over the age
of 65 who have ‘care’ needs, although they do not
need to be receiving care. An individual may also
be eligible for this benefit without having any care
needs if this benefit is claimed under the special
rules with a DS1500 report.

Personal Independent Payment (PIP) which has now
replaced disability living allowance is paid to
people under the age of 65 who need help looking
after themselves; this benefit is split into two
components: the daily living component and the
mobility component. An individual without care
needs may be eligible for PIP with a DS1500 report
under the special rules.

Employment and Support Allowance (ESA) has
replaced incapacity benefit and is paid to people
who are too unwell to work. They usually claim it
once the statutory sick pay (SSP) has ended or if
they do not qualify for SSP.

Carer’s allowance is not claimable by the patient; it
is claimable by an individual providing the care.
The claimant needs to be over the age of 16 and
providing at least 35 hours of care a week. The
carer may work, but they cannot earn more than
£100 a week after certain deductions.
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The DS-1500 form is a route of claiming disability
benefits for patients under ‘special rules, usually when
the patient has a terminal condition with a progno-
sis of less than 6 months; these benefits are processed
without delay.

There are many more benefits and tax credits and
grants that patients with advanced cancer may be
eligible for. An award of Attendance Allowance or
Personal Independence Payment may increase entitle-
ment or bring about a new entitlement to benefit.
Therefore, it is important that these patients are offered
access to independent welfare advice.

Ethical decision-making

The management of cancer patients is not solely guided
by evidence-based guidelines. Sometimes decisions will
need to be made for which there is no clear-cut answer.
In weighing up the pros and cons of a decision, it is use-
ful to base it around the following ethical domains.

e Autonomy.

o Beneficence.

o Non-maleficence.

¢ Justice.

Autonomy

Autonomy gives the patient the opportunity to make
known his or her wishes and to make an informed deci-
sion. For a patient to do this, he or she needs the ‘cap-
acity’ to make such a decision. The Mental Capacity Act
(2005) sets out how to assess capacity and the steps that
should be taken when caring for patients who lack cap-
acity. For a patient to have capacity, he or she must be
able to:

« understand the information given to them;

o retain that information long enough to be able to
make the decisions;

o weigh up all the information available to make a
decision;

« communicate their decision by any means
(writing, talking, sign language, etc.).

If a patient has the capacity to make a decision, teams

should respect his or her wishes, even if they consider

it to be an unwise decision. However, doctors are not

obliged to give a treatment against their better clin-

ical judgement if they feel it is futile. When a patient

is deemed to lack capacity to make a particular deci-

sion then a best-interest decision should be made by

the treating clinician.
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Beneficence

Professionals should make decisions with the intention
of doing what is most likely to benefit the patient - the
intention to do good.

Non-maleficence

Conversely, non-maleficence dictates that when mak-
ing a decision it should be done with the intention of
doing no harm.

Justice

Justice guides us to do what is fair, not only for the
patient in question but also for other patients as a
whole. It also ensures that we practice within what is
legal within our society.

Areas of current interest

By the nature of medical advances resulting in more
people experiencing cancer as a chronic disease, the
field of palliative care has expanded to playa critical role
not only at diagnosis and through treatment but also in
cancer survivorship and late-effects of treatment.

Other areas of current interest include the impor-
tance of advance care planning (ACP) and tied in with
ACP is exploring patients” preferred place of care and
preferred place of death to establish the support they
will require in order to achieve their goals. Another
area of interest is the role of artificial hydration at the
end of life; there is currently lack of evidence of when
artificial hydration should be used at the end oflife, but
the issue will continue to be debated.

Another contentious area of palliative care relates
to physician-assisted suicide and euthanasia. Both acts
remain illegal in the UK. The impact of physician-assisted
suicide or euthanasia in countries where it has become
legal is the subject of much research.

Ongoing research

There is increased focus on research into the support-
ive needs of patients during oncological treatment.
In addition, the importance of treatments on overall
quality of life is being recognised as well as the import-
ance of early referral to palliative care for patients with
advanced stage disease (Temel et al., 2010).
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Introduction

This chapter focuses on the practical aspects of man-
aging tumours arising in the head and neck region
and highlights the principles of treatment. The major
sites with respective subsites are detailed in Table 11.1.
Tumours arising from the thyroid gland and skin of
the head and neck region are addressed in Chapters 38
and 36.

Epidemiology and aetiology of head
and neck cancers

The incidence of head and neck cancer in the UK is
increasing, predominantly due to an increase in oro-
pharyngeal cancers, with approximately 8800 new
cases diagnosed in 2010; the crude incidence rate was
14/100,000 in males and 7/100,000 in females. Almost
half of all cancers are diagnosed in patients between 45
and 64 years of age (Cancer Research UK, 2010).

The major risk factors for head and neck squamous
cell carcinomas (HNSCC) in the UK are tobacco smok-
ing and alcohol consumption. Viral infections have an
established relationship with head and neck cancers,
including Epstein Barr virus (EBV) and human papil-
lomavirus (HPV).EBVisassociated with the pathogen-
esis of nasopharyngeal carcinoma, and HPV infection
is most commonly associated with oropharyngeal
carcinoma (tonsils and tongue base), mostly in the
middle-aged population who are non/minimal users
of tobacco and alcohol. Fewer than 5% of tumours of
oral cavity and larynx are associated with HPV.

The other less-common risk factors include: wood
dust (adenocarcinoma of nasal cavity and paranasal
sinus); nitrosamines (nasopharyngeal carcinoma);
poor oral hygiene and periodontal disease; genetic fac-
tors (Fanconi anaemia); and betel nut chewing, which
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Table 11.1 Majorsites and subsites of the head and neck

Major site Subsites

Lips, buccal mucosa, anterior
tongue, floor of mouth,

hard palate, upper and
lower gingiva/alveolus and
retromolar trigone

Oral cavity

Pharynx Nasopharynx

Oropharynx —tonsil, tongue
base, soft palate, vallecula and
posterior pharyngeal wall

Hypopharynx — pyriform fossa,
post cricoid and posterior
pharyngeal wall below the
level of hyoid

Supraglottis, glottis and
subglottis

Larynx

Septum, lateral wall, floor and
vestibule

Nasal cavity

Paranasal sinuses Maxillary, frontal, sphenoid and

ethmoid

Salivary glands Major (parotid, submandibular,
sublingual) and minor salivary

glands

is common in South Asian countries and increases the
risk of oral cavity cancers.

Anatomy

Anatomical details relevant to radiotherapy planning
will be covered in the subsite sections. This section will
focus on the lymph node levels in the neck.

The consensus guidelines for delineating the neck
node levels for radiation treatment incorporate all

Practical Clinical Oncology, Second Edition, ed. Louise Hanna, Tom Crosby and Fergus Macbeth. Published by Cambridge

University Press. © Cambridge University Press 2015.
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Table 11.2 Boundaries of cervical lymph node levels

Level

la
Submental LN

lb
Submandibular LN

I
Upperjugular
group

Il
Mid jugular group

IVa
Lower jugular
group

Vb

Medial
supraclavicular
group

\Y

(Vaand Vb) posterior

triangle group

Cranial

Mylo-hyoid m.

Cranial edge of
submandibular
gland; anteriorily
mylo-hyoid m.

Caudal edge of
lateral process
of C1

Caudal edge of
the body of hyoid
bone

Caudal edge of
cricoid cartilage

Caudal border
of level IVa (2 cm
cranial to sternal
manubrium)

Cranial edge of
the body of hyoid
bone

Caudal

Caudal edge
of ant. belly of
digastric m.

Caudal edge of
hyoid/mandible/
submandibular
gland, whichever
is lower

Caudal edge of
the body of hyoid
bone

Caudal edge of
cricoid cartilage

2 cm cranial
to sternal
manubrium

Cranial edge
of sternal
manubrium

Plane just below
transverse
cervical vessels

Anterior

Symphysis menti

Symphysis menti

Posterior edge of
submandibular gland
(caudally) and posterior
belly of digastric

m. (cranially)

Ant. edge of sterno-
cleido-mastoid m/
posterior third of
thyro-hyoid m.
Anterior edge of
sternocleido-mastoid
m. (cranially)/body of
sternocleido-mastoid
m. (caudally)

Deep surface of
sternocleido-mastoid
m./deep aspect of
clavicle

Posterior edge of

sternocleido-mastoid m.

Posterior

Body of hyoid bone/
mylo-hyoid m.

Posterior edge of
submandibular gland
(caudally) and posterior
belly of digastric

m. (cranially)

Posterior edge of
sternocleidomastoid m.

Posterior edge of
sternocleidomastoid m.

Posterior edge of
sternocleido-mastoid
m. (cranially)/scalenius
mm (caudally)

Anterior edge of
scalenius m. (cranially)/
apex of lung, the
brachio-cephalic vein,
the brachio-cephalic
trunk (right side) and the
common carotid artery
and subclavian artery on
the left side (caudally)

Anterior border of
trapezius m.
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Lateral

Medial edge of ant.
belly of digastric m.

Medial aspect of
mandible up to
lower border and
then platysma m and
medial pterygoid

m. (posteriorly)

Deep (medial) surface
of sternocleido-
mastoid m/platysma
m/parotid gland/post
belly of digastric m.

Deep (medial) surface
of sternocleido-
mastoid m.

Deep (medial) surface
of sternocleido-
mastoid m. (cranially)/
lateral edge of
sternocleidomastoid
m. (caudally)

Lateral edge of
scalenius m.

Platysma m./skin

Medial

n.a.

Lateral edge of ant.
belly of digastric

m. (caudally)/post. belly
of digastric m. (cranially)

Medial edge of internal
carotid artery/scalenius
m.

Medial edge of common
carotid artery/scalenius
m.

Medial edge of
common carotid artery/
lateral edge of thyroid
gland/scalenius mm
(cranially)/medial edge
of sternocleido-mastoid
m. (caudally)

Lateral border of

level VI (pre-tracheal
component)/medial
edge of common carotid
artery

Levator scapulae m./
scalenius m. (caudally)



Table 11.2 (cont.)

Level

Ve
Lateral
supraclavicular

group

Vila
Retropharyngeal
nodes

Vilb
Retrostyloid nodes

Vil
Parotid group

IX
Bucco-facial group

Xa
Retroauricular
nodes

Xb
Occipital nodes

Cranial

Plane just below
transverse
cervical vessels
(caudal border of
level V)

Upper edge of
body of C1/hard
palate

Base of skull
(jugular foramen)

Zygomatic arch,
external auditory
canal

Caudal edge of
the orbit

Cranial edge of
external auditory
canal

External occipital
protuberance

Caudal

2 cm cranial

to sternal
manubrium, i.e.
caudal border of
level IVa

Cranial edge of
the body of the
hyoid bone

Caudal edge
of the lateral
process of C1
(upper limit of
level Il)

Angle of the
mandible

Caudal edge of
the mandible

Tip of the
mastoid

Cranial border of
level V

Anterior
Skin

Posterior edge of the
superior or middle
pharyngeal constrictor
m.

Posterior edge
of prestyloid
para-pharyngeal space

Posterior edge of
mandidular ramus
and posterior edge of
masseter m. (laterally)
medial pterygoid
muscle (medially)

SMAS layer in
subcutaneous tissue

Anterior edge of the
mastoid (caudally)/
posterior edge of the
external auditory canal
(cranially)

Posterior edge of
sternocleido-mastoid m.

m., muscle; SMAS, superficial musculo-aponeurotic system. Adapted from Grégoire et al,, 2014.

Posterior

Anterior border

of trapezius

m. (cranially)/+1 cm
anterior to serratus
anterior m. (caudally)

Longus capitis m.and
longus colli m.

Vertebral body of C1,
base of skull

Anterior edge of
sternocleido-mastoid
m. (laterally), posterior
Belly of digastric

m. (medially)

Anterior edge of
masseter m. and corpus
adiposum buccae
(Bichat's fat pad)

Anterior border of
occipital nodes —
posterior edge of
sternocleido-mastoid m.

Anterior (lateral) edge of
trapezius m.

Lateral

Trapezius m (cranially)/
clavicle (caudally)

Medial edge of the
internal carotid artery

Styloid process/deep
parotid lobe

SMAS layerin
subcutaneous tissue

SMAS layerin
subcutaneous tissue

Subcutaneous tissue

Subcutaneous tissue

Medial

Scalenius m/lateral edge
of sternocleido-mastoid
m, lateral edge of level
IVa

Aline parallel to the
lateral edge of the
longus capiti muscle

Medial edge of the
internal carotid artery

Styloid process and
styloid m.

Buccinator m.

Splenius capitis
m. (caudally)/temporal
bone (cranially)

Splenius capitis m.

Downloaded from Cambridge Books Online by IP 144.82.108.120 on Mon Aug 29 12:48:20 BST 2016.
http://dx.doi.org/10.1017/CB09781107280250.013
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nodes in the head and neck region (superficial and
deep) without anatomic differentiation and classify
them into ten levels (Grégoire et al., 2014). Some lev-
els are further divided into sublevels. Level II is sub-
divided into ITa and IIb by an artificial horizontal
line at the posterior edge of the internal jugular vein.
Level IVb (medial supraclavicular group) and level
Vc (lateral supraclavicular group) together constitute
the supraclavicular fossa (SCF). Level VIII, IX and X
lymph nodes are most commonly involved by tumours
arising in the skin of the head and neck region or if the
skin is involved by cancers of the head and neck.

The boundaries of each lymph node level are
described in relation to the cross-sectional anatomy to
facilitate accurate delineation and are detailed as per
the consensus guidelines in Table 11.2.

Pathology of head and neck cancer

Premalignant conditions
Leukoplakia, erythroplakia and dysplasia graded as

mild, moderate and severe are common premalignant
lesions seen in head and neck. Severe dysplasia is also
known as carcinoma in situ (CIS). Leukoplakia and
erythroplakia are commonly seen in the oral cavity;
epithelial dysplasia is demonstrated in 25% of biop-
sies of leukoplakia and in most cases of erythroplakia.
Dysplasia can occur in most subsites of the head and
neck. Systematic reviews of oral (992 patients) and
laryngeal (942 patients) dysplasia showed malignant
transformation in 12.1% and 14% after a mean interval
of 4.3 and 5.8 years, respectively (Mehanna et al., 2009;
Weller et al., 2010).

Benign and malignant tumours

The common benign pathologies include: pleo-
morphic adenoma of salivary glands; hemangioma;
glomus tumour; juvenile angiofibroma (commonly
seen in the nasopharynx in the adolescent age group);
ameloblastoma (commonly arising from the man-
dible) and chondromas.

Squamous cell carcinoma (SCC) is the commonest
malignancy constituting over 90% of cancers arising
from the mucosal lining of the head and neck. Other
malignant tumours include:

o adenocarcinoma (of unknown origin);

o tumours of the salivary gland: adenocarcinoma,
mucoepidermoid carcinoma; adenoid cystic
carcinoma; acinic cell carcinoma;

« mucosal melanoma;

o neuroendocrine carcinoma including olfactory
neuroblastoma mostly arising from the nasal
cavity and Merkel cell carcinoma arising from
the skin;

o lymphoma (Hodgkin and non-Hodgkin);

o sarcoma (soft tissue sarcoma including Kaposi’s
and rhabdomyosarcoma; osteosarcoma;
chondrosarcoma);

o metastatic deposits in cervical lymph nodes
(breast, prostate, lung, renal cell carcinoma,
melanoma of skin, thyroid and from the
gastrointestinal tract).

Natural history of head and
neck cancer

Head and neck cancers spread locally to involve adja-
cent subsites involving soft tissues, muscles, nerves
and bone leading to destruction and loss of function.
Tumours can spread through lymphatics to regional
lymph nodes on one or both sides of the neck, depend-
ing upon the site of primary. Lateralised tumours (e.g.
buccal mucosa, tonsil, lateral border of tongue) gener-
ally metastasise to ipsilateral lymph nodes in the neck,
while tumours arising from midline structures (tongue
base, soft palate, pharyngeal wall) can metastasise to
both sides of the neck. Distant metastasis is generally
less common and occurs via the blood stream to the
lungs, liver and bone either at presentation (less than
10%) or after definitive treatment (15-20%).

Clinical presentation of head and
neck cancer

The most common presenting symptom is a painless
neck mass with or without other symptoms relating
to the site of the primary. Site-specific symptoms are
detailed under each subsite. Systemic symptoms are
uncommon at presentation, but may be due to meta-
static disease and include weight loss, failure to thrive,
bone pain and rarely hypercalcemia-related symptoms.

Clinical examination in head and
neck cancer

Examination includes inspection, palpation and
assessment of the local extent of disease using either an
indirect laryngoscope or flexible nasendoscope. A sys-
tematic approach is advised.
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Start the examination by inspecting the oral cavity
(gums, floor of mouth, tongue) and oropharynx and
pay specific attention to assess the mucosal extent of
disease (e.g. in a tonsil tumour, assess the involvement
of the anterior pillar, soft palate, glosso-tonsillar sul-
cus and how close to midline the extent of disease is).
With the aid of a flexible nasendoscope, examine the
nasal cavity, nasopharynx, oropharynx, hypopharynx
and larynx for abnormal lumps, mucosal irregular-
ity, pooling of secretions and bleeding. Assess vocal
cord movement, involvement of the anterior com-
missure and subglottic extension in all laryngeal and
hypopharyngeal tumours. The extent of involvement
of the tongue base is best assessed by digital palpation.
Complete the examination by palpating the neck to
assess neck node involvement. Most patients undergo
examination under anaesthesia to assess the extent of
disease, to look for second primaries at other sites and
biopsy to confirm the diagnosis.

Investigations in head and neck
cancer: general considerations

The following investigations are recommended to
diagnose and assess the extent of disease in most
patients.

o Ultrasound of the neck.

« Fine-needle aspiration cytology (FNAC) of
abnormal neck nodes with or without ultrasound
guidance has high sensitivity and specificity
(94% and 97%, respectively) for diagnosing
pathologically involved nodes (Tandon et al.,
2008). FNAC of neck nodes is mostly done under
ultrasound guidance.

« Contrast-enhanced CT scan of head and neck
region to assess the local extent of disease. Bone
involvement is best assessed using CT.

o MRIscan of the craniofacial region provides better
soft tissue definition compared to CT and is most
useful in patients with dental amalgam due to the
artefacts on CT scan and in patients where there is
skull base involvement, as it provides information
regarding perineural invasion and intracranial
extension. MRI also helps to differentiate tumour
from mucous membrane and bone marrow
involvement.

o CT scan of chest to assess for distant metastasis.

o PET-CT: '8F-FDG PET-CT is not routinely used
in the UK for staging purposes. All patients with
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metastatic squamous cancer in cervical neck
nodes with no obvious primary on clinical and
radiological (CT and MRI) examination should
undergo a PET-CT scan to identify the possible
site of the primary. Other indications include
assessment of possible tumour recurrence
where conventional imaging fails to differentiate
between tumour and fibrosis.

Staging in head and neck

cancer: general principles

The AJCC Cancer Staging Manual, seventh edition, is
currently used to stratify tumours in the head and neck
region. This takes into account the size and extent of
primary tumour (T); involvement of regional lymph
node (N) and the presence or absence of distant metas-
tasis (M) (AJCC, 2009).

Primary tumour (T): the size of the primary tumour
along with extent is taken into account only in oral
cavity, oropharynx, hypopharynx and major salivary
gland tumours. The T stage for the rest of the subsites
of the head and neck is primarily based on the extent of
the disease. The details of the T stage are described in
the respective subsites. There is no subclassification of
T4 in nasopharynx into T4a and T4b.

Regional nodes (N): nodal staging for all sites in the
head and neck region are similar apart from the naso-
pharynx, as shown in Table 11.3.

Distant metastasis (M): stratified according to the
presence (M1) or absence (MO0) of distant metastasis.

Stage grouping also remains similar for all sites in
the head and neck region apart from the nasopharynx,
as shown in Table 11.4.

Treatment overview for head and
neck cancer

The choice of treatment depends on a number of

patient, tumour and treatment factors, the aim being

to maximise the chance of cure/local control and min-

imise the resulting functional compromise.

 DPatient factors: age, performance status,
comorbidity and patient’s choice/preference.

o Tumour factors: site of primary, stage and
pathology.

o Treatment factors: morbidity associated with
treatment, functional outcome, cosmetic result
and local resource and expertise.
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Table 11.3 Nodal staging of head and neck cancers

Nstage Allsites-description Nasopharynx - description
N1 Ipsilateral single node <3 cm Unilateral metastasis in lymph nodes
above SCF, all <6 cm; and/or unilateral or
bilateral retropharyngeal nodes all <6 cm
N2 N2a - Ipsilateral single node >3 cmand <6 cm Bilateral lymph nodes above SCF all <
6cm
N2b - Ipsilateral multiple lymph nodes, all < 6 cm -
N2c - Bilateral or contralateral lymph nodes all < 6 cm -
N3 Nodes > 6.cm N3a - Nodes >6cm

N3b - Extension to the SCF

SCF, supraclavicular fossa. Adapted from AJCC, 2009.

Table 11.4 Stage groupings for head and neck cancers

Stage group All sites Nasopharynx
T N M T N M
Stage 0 Tis NO MO Tis NO MO
Stage | T1 NO MO T1 NO MO
Stagelll 12 NO MO 12 NO MO
T1-2 N1 MO
Stage lll 13 NO MO 13 NO-N2 MO
T1-3 N1 MO T1-2 N2 MO
Stage IVA T4a NO-N2 MO T4 NO-N2 MO
T1-3 N2 MO
Stage IVB T4b Any N MO
Any T N3 MO AnyT N3 MO
Stage IVC Any T Any N M1 Any T Any N M1

Adapted from AJCC, 2009.

In general, patients with early-stage (I and II) dis-
ease should be managed with a single modality treat-
ment, either surgery or radiotherapy and those with
advanced stage (III, IVA and IVB) disease managed

Role of surgery in head and
neck cancer

Surgery plays a key role in the management of both

with multi-modality treatment with the aim of organ
and function preservation.

Patients with metastatic, local and/or regional
recurrent disease are considered for palliative chemo-
therapy and/or best supportive care. Patients with
recurrent disease confined to the head and neck region
may benefit from salvage surgery and/or re-irradiation
and will depend upon a number of factors.

primary head and neck cancers and neck nodes. The
main aim of surgery is to achieve complete micro-
scopic clearance of tumour with appropriate margins
according to type, site and stage of cancer. One of the
most important recent advances in the surgical field
is the use of transoral laser microsurgery (TLM) and
transoral robotic surgery (TORS) to resect primary
tumours.

137



11: Management of cancer of the head and neck

Table 11.5 Neckdissections for head and neck cancer management

Category Type of neck dissection

Comprehensive Radical neck dissection

Modified radical neck dissection

Extended radical neck dissection

Selective Supra-omohyoid neck dissection

Lateral neck dissection

Central compartment dissection

Surgery for primary tumours generally involves
wide local excision with or without reconstruction to
close the defect. Minimal access techniques (TLM or
TORS) are most commonly employed for early-stage
oropharyngeal and glottic/supraglottic tumours
and can also be used for advanced-stage disease in
selected patients. Patient selection remains crucial
and depends on factors such as access to surgery, need
for adjuvant treatment, local expertise and availability
of resources.

The details of surgical management of various sub-
sites are discussed in the relevant sections and for neck
nodes are discussed in detail in the next section.

Management of neck nodes

The management of the neck can be broadly consid-
ered for the node-negative (clinically and radiologic-
ally uninvolved neck nodes) and node-positive neck
(clinically and/or radiologically involved neck nodes)
for all subsites in head and neck.

Management of the node-negative neck

The optimal management is debated constantly and
the options include either prophylactic selective neck
dissection/radiation or observation, with the option
of therapeutic neck dissection in patients who develop
disease subsequently.

The agreed level of risk in the head and neck com-
munity beyond which all node negative necks are
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Structures removed

Lymph nodes in levels |-V, accessory nerve, internal
jugular vein and sternocleido-mastoid muscle

Lymph nodes in levels |-V, and preservation of one

or more of the accessory nerve, internal jugular vein
and sternocleido-mastoid muscle (Type |, lland Ill,
respectively)

Removal of one or more additional lymphatic and/

or non-lymphatic structures relative to radical neck
dissection, e.g. spinal muscles due to involvement;
lingual or hypoglossal nerve or other lymph node levels
apart from level |-V

Nodes in levels I-lIl; also called extended when level IV
isincluded, mostly done in oral cavity cancers

Nodes in levels lI-IV

Nodes in level VI, mostly done in thyroid cancers

treated is 15-20%, based on risk-benefit analysis in
the late 1970s, whereby the morbidity associated with
radical neck dissection was considered to outweigh the
benefit for patients with risk of neck node involvement
of less than 20%.

Local control rates achieved by prophylactic sur-
gery or prophylactic radiation to neck nodes are simi-
lar. When observation is chosen, patients should be
on regular ultrasound surveillance to ensure early
detection.

Surgery involves removal of nodes at all levels (I to
V) in the neck either on one or both sides and is influ-
enced by the site of primary and presence or absence of
neck node metastases. A comprehensive neck dissection
is usually done for a node-positive neck and a selective
neck dissection for a node-negative neck. The common
types of neck dissections are detailed in Table 11.5.

Management of the node-positive neck

This depends upon the stage of neck disease and is
influenced by the treatment of choice for the primary.
For early-stage (N1) neck disease, single modality
treatment is sufficient and is often the same as that used
to treat the primary site.

Neck nodes larger than 3 cm or multiple lymph
nodes (N2a and above) may require combined modal-
ity treatment due to increased risk of recurrence asso-
ciated with either surgery or radiotherapy alone and is
influenced by the treatment of choice for the primary
tumour. The options are either a modified radical neck
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dissection along with resection of primary followed by
adjuvant treatment depending on histology or chemo-
radiotherapy along with the primary followed by a sur-
veillance PET CT'scanat 10 to 12 weeks post completion
of treatment and neck dissection only in patients with
equivocal or persistent uptake in neck node/s as per
the UK PET Neck randomised study results, presented
at ASCO 2015 (Mehanna et al., 2015). This approach
has shown to result in similar survival rates and less
morbidity. It is cost effective compared with routine
planned neck dissection and is likely to become the
standard of care for this group of patients.

Role of radiotherapy in head and
neck cancer

Radiotherapy is used with or without chemotherapy in
approximately 60-70% of patients with head and neck
cancer, either as a definitive treatment or as an adjuvant
treatment following surgery. The delivery of radiation
treatment has improved significantly in the last decade
due to advances in technology, leading to improved
local control and reduced late morbidity, particularly
xerostomia. The most commonly used forms of radi-
ation in the head and neck are high-energy photons
and electrons. Protons are used rarely for treatment of
skull base lesions in order to limit dose to critical nor-
mal structures.

Radiotherapy pretreatment evaluation

All patients for radical radiotherapy should undergo
the following assessments before starting treatment.

o Dental assessment: dentulous patients should
have a dental assessment (orthopantomogram
(OPT) and a review) if their upper or lower jaw is
likely to be in the radiation field. Dental treatment,
particularly extraction, should be done prior to the
start of radiotherapy (ideally two weeks before) to
reduce the risk of osteoradionecrosis.

o Nutritional assessment: most patients should be
reviewed by the dietetic team prior to the start
of treatment; those with significant weight loss
(> 10%) should be started on supplement feeding
prior to the start of treatment. Patients planned for
curative intent radiotherapy/chemoradiotherapy
are assessed for the need for a feeding tube to
support their nutritional requirements during
and after treatment. The choice between feeding
gastrostomy tube (proactive or reactive) or

nasogastric tube depends upon each centre’s
preference, expertise and availability of resources.
o Speech and swallowing assessment: most patients
should be assessed by the speech therapist prior
to the start of treatment for baseline speech and
swallowing function. Patients are educated on
proactive swallowing exercise and are advised to
repeat the exercise daily (2 or 3 times) prior to
and during treatment in an attempt to minimise
swallowing difficulties both in the short and
long term.

Radiotherapy energy, fractionation
and dose

Radiation treatment is given to cure or control dis-
ease and/or symptoms. The dose and fractionation
vary with the intent and also between different insti-
tutions. The commonly used dose fractionation regi-
mens are detailed below according to the intent of
treatment.

Energy

Photons with energies in the range of 4-6 MV are
typically used. Electrons are used for lateralised and
superficial lesions; energy depends upon the depth of
the lesion and varies from 4 to 20 MeV.

Kilovoltage X-rays (90-300 KV) are used to treat
superficial skin lesions and or fungating neck nodes
with skin involvement in a palliative setting.

Fractionation

The current standard is conventional fractionation
with a dose of 1.8-2.2 Gy per fraction given 5 days
a week. Several altered fractionation regimens have
been studied in head and neck cancer, most com-
monly hyperfractionation and accelerated frac-
tionation. A meta-analysis of altered fractionation
in head and neck cancer showed improved over-
all survival of 2% and 8% at 5 years for accelerated
and hyperfractionation, respectively (Bourhis et al.,
2006). Despite this, these regimens have not been
widely accepted. There are no trials that have dir-
ectly compared hyperfractionated radiotherapy with
concurrent chemotherapy and conventional radio-
therapy with concurrent chemotherapy, the cur-
rent standard of care for locoregionally advanced
tumours. The addition of chemotherapy concur-
rently with accelerated fractionation showed no
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Table 11.6 Examples of radical dose fractionation regimens for the treatment of head and neck cancers

Prescriptiondose  Number of dose Dose and
and fractionation  levels fractionation
66/30 2 66/30
54/30
3 66/30
60/30
54/30
70/35 2 70/35
56/35
3 70/35
60/35
56/35

difference in overall survival when compared with
conventional radiotherapy with concurrent chemo-
therapy (Ang et al., 2010).

Moderate acceleration using DAHANCA regi-
men of 6 fractions per week with a total dose in 70 Gy
given over 6 weeks showed a 12% improvement of local
control at the primary site and 7% improvement in
disease-specific survival with no improvement in over-
all survival and was associated with increased acute
toxicity (Overgaard et al., 2003).

Dose

Curative/radical intent

Most patients are treated with curative intent either
with radiotherapy alone or in combination with chem-
otherapy/targeted agents. The following dose fraction-
ation regimens are typical examples of curative intent
that applies to all subsites.

o 65-66 Gy in 30# over 6 weeks,

o 70 Gyin 35# over 7 weeks.
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Regions included

Primary and involved node (GTV) + 1 cm margin and
allinvolved nodal levels — radical dose

Low-risk regions (uninvolved nodal levels at risk of
involvement) — treated to prophylactic dose

Primary and involved node (GTV) + 1 cm margin and
all involved nodal levels — radical dose

High-risk regions adjacent to gross disease (e.g.
involved nodal levels; including entire oropharynx
when the tumour is at one subsite (tongue base))
Low-risk regions (uninvolved nodal levels at risk of
involvement) — treated to prophylactic dose

Primary and involved node (GTV) + 1 cm margin and
allinvolved nodal levels — radical dose

Low-risk regions (uninvolved nodal levels at risk of
involvement) — treated to prophylactic dose

Primary and involved node (GTV) + 1 cm margin and
all involved nodal levels — radical dose

High-risk regions adjacent to gross disease (e.g.
involved nodal levels; including entire oropharynx
when the tumour is at one subsite (tongue base))

Low-risk regions (uninvolved nodal levels at risk of
involvement) — treated to prophylactic dose

Shorter fractionation regimens are used when the irra-
diated volume is small. Typical fractionation schedules
include:

o 55 Gyin 20# over 4 weeks,
o 50 Gyin 15# over 3 weeks.

Currently, most centres use a simultaneous integrated
boost technique to treat head and neck cancers, where
multiple dose levels are delivered to different regions
in a single phase. Normally two or three dose levels
are used to treat different regions. Examples of 2- and
3-dose level radical intent dose fractionation regimens
are given in Table 11.6.

Palliative intent

Patients are treated with palliative intent mostly due to
poor performance status and/or advanced inoperable
disease where a cure is not possible. There is no agreed
consensus regarding dose and fractionation. Typical
palliative dose fractionation regimens include:

« 20 Gyin 5# over 1 week,
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Table 11.7 Pathological risk factors for recurrence following head and neck cancer surgery

Factor

Primary tumour factors

margin)
Perineural invasion

Intermediate-risk factors

Advanced tumour (T) stage (T3/T4)
Close margin (defined as tumour present
<5mmand > 1 mm from resection

High-risk factors

Positive margin (defined as tumour
presentat or < 1 mm from resection
margin)

Lymphovascular space invasion

Lymph node factors

Two or more positive lymph nodes
Nodes greater than 3 cm

Extracapsular spread (ECS) of nodal
disease

Multiple lymph node level involvement

o 30 Gyin 10# over 2 week,

o 40 Gyin 15# over 3 weeks,

« 30 Gyin 5-6# over 5-6 weeks depending on the
patient’s tolerance, for patients who are unable to
attend daily for treatment.

Some patients with very advanced disease (T4b) but
with good performance status are treated to cura-
tive doses, but the intent is control of disease rather
than cure.

Adjuvant/postoperative radiotherapy

The aim of adjuvant radiotherapy is to improve
locoregional control and survival following surgi-
cal resection. The addition of radiotherapy follow-
ing surgery compared with surgery alone has shown
improved locoregional control rates (Mishra et al.,
1996; Lavaf et al., 2008). Studies have identified a
number of primary tumour and lymph node patho-
logical features which are associated with increased
risk of locoregional recurrence; these may be classi-
fied as ‘intermediate’ and ‘high’ risk features as shown
in Table 11.7.

Most centres in the UK currently use a total dose of
60 Gy in 30 fractions given over 6 weeks. A boost dose
(typically of 5-6 Gy) is used at some centres in patients
with either positive primary tumour margins and/or
extracapsular spread (ECS) of nodal disease. Adjuvant
radiotherapy should start within 5 weeks of surgery,
as overall treatment time from the date of surgery to
completion of adjuvant radiotherapy (< 11 weeks ver-
sus > 13 weeks) has been shown to reduce local control
from 76% to 38% (Ang et al., 2001).

Concurrent cisplatin with postoperative radiother-
apy showed 12% and 10% improvement in locoregional
control, 11% and 9% improvement in disease-free

survival for patients with positive margins and/or
extracapsular extension, respectively, compared with
postoperative radiotherapy alone. Combined analysis
also confirmed an improvement in overall survival.
There was a significant increase in acute mucosal tox-
icity (77% versus 34%), but late toxicity was similar in
both groups (Bernier et al., 2004; Cooper et al., 2004).
Postoperative concurrent chemoradiotherapy with
cisplatin is now the current standard of care for patients
with high-risk features (positive margin and ECS) and
good performance status. Carboplatin may be used
instead if cisplatin is contraindicated. Patients with
intermediate-risk factors are treated with postoperative
radiotherapy alone. An ongoing phase III study (RTOG
0920) is evaluating the benefit of cetuximab in the adju-
vant setting, but currently this has not been established.

Radiotherapy planning

This section focuses on immobilisation, target volume
delineation and planning common to all subsites.

Immobilisation

Patients with head and neck tumours require custom-
made thermoplastic immobilisation shells in a repro-
ducible position for accurate radiotherapy delivery.
Prior to this, the following need to be considered:

o Mouth bite: a spacer device to limit/minimise
unnecessary radiation to adjacent normal
structures used when treating oral cavity, nasal
cavity and maxillary sinus tumours.

o Bolus: required when skin and superficial tissue
need to be treated to prescription dose.

o Skin marking: to identify the extent of scar or when
treating skin lesions usually with the aid of alead
wire that can be visualised on the planning CT scan.
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Patients lie supine with appropriate head rest and
knee support. A five-point immobilisation system is
normally used which includes head, neck and both
shoulders. The position of the chin is normally neutral
and the shoulders are kept as low as possible. Patients
undergo a planning CT scan in the treatment position
with the thermoplastic shell usually with intravenous
contrast to aid accurate delineation of targets. CT slice
thickness varies between 2 and 4 mm.

Target volume delineation

Target delineation requires a detailed knowledge of
cross-sectional anatomy. With the use of multiple dose
levels to treat different regions, it is important to name
each volume according to an agreed departmental
protocol. The delineation process can be staged in five
steps both in the definitive and postoperative setting.
The steps detailed here are for two dose levels, CTV1
(high dose) and CTV2 (prophylactic dose).

Target delineation in the primary/definitive setting

Step 1: Delineate gross tumour volume (GTV)

This includes outlining both primary tumour
(GTVp) and all involved nodes (GTVn). The primary
is outlined with the knowledge of all available infor-
mation (diagnostic imaging (CT, MRI and PET-CT if
available) and clinical examination findings including
pan endoscopy, the best modality to assess the mucosal
extent of disease.

Co-registration of diagnostic images (CT, MRI
or PET-CT) with planning CT aids in delineating the
GTV accurately.

Step 2: Delineate clinical target volume (CTV1)

This CTV includes the GTVp and GTVn with a
1 cm isotropic expansion in all directions, adjacent
high-risk regions and whole involved nodal level(s) in
the neck and is delineated using the following steps.

o Addalcmisotropic margin in all directions to
GTV primary and GTV nodes. A 1.5 cm margin
may be used around poorly defined primary
tumours (e.g. in the tongue base).

o Edit out natural tissue planes (bone, air cavities
and fasciae).

o Include the entire involved nodal level(s)
according to the consensus guidelines as in
Table 11.3.

« CTV1 may be extended to include adjacent
high-risk regions (e.g. parapharyngeal spaces;
remaining oropharynx/larynx, etc.) if an
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Table 11.8 Prophylactic neckirradiation for head and neck
cancers

Levels toinclude in
prophylactic dose

Any level (I to IVa) LevelVaand Vb

Il Ib and VIl b (retrostyloid nodes)

IVa and/orV (Vaand IVb (medial supraclavicular
Vb) group) and Vc (lateral
supraclavicular group)

Level involved

anatomical approach to outlining is used.
Alternatively, these regions can be included in
CTV2 and/or can be omitted altogether if a purely
geometric (or volumetric) approach to outlining
is used.

Step 3: Delineate elective clinical target volume
(CTV2)

This volume varies with the site of the primary and
the status of the neck and usually consists of unin-
volved at-risk nodal levels in the neck (unilateral or
bilateral) to be treated to a prophylactic dose. Levels
Ib to Vb are irradiated in most node-positive cases
and other lymph node levels are included in CTV2
depending on which nodal level(s) are involved, as
shown in Table 11.8. In a node-negative neck, selec-
tive neck irradiation is considered when the risk
of involvement is more than 15-20% and usually
includes level II-IV in most subsites, but can vary
with site of primary.

Step 4: Delineate organs at risk (OAR)

The OARs are classified as serial and parallel
organs. Serial organs such as spinal cord and brain-
stem are routinely outlined in all head and neck
tumours with others (optic chiasm, optic nerves)
outlined as required depending upon the site of the
primary and the extent of treatment fields. Parallel
organs such as parotids and mandible are routinely
outlined with other areas/structures (oral cavity,
larynx, oesophagus, lacrimal gland, retina) on a
patient-by-patient basis.

Step 5: Create planning target volume (PTV) and
planning risk volume (PRV)

The PTV/PRV is generated geometrically by the
planning system and the margin used varies from
centre to centre to ensure adequate CTV coverage.
The magnitude of this volume depends upon accur-
acy of the immobilisation systems, day-to-day set-up
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Table 11.9 Radiation dose constraints for organs at risk

OAR Dose

Spinal cord PRV Max 48 Gy
Brainstem PRV Max 54 Gy
Optic nerve PRV Max 50 Gy
Optic chiasm PRV Max 50 Gy
Retina PRV Max 45 Gy
Lens PRV Max 8 Gy
Parotid gland Mean < 26 Gy

variation and is normally between 3 and 5 mm, grown
isotropically in all directions. Each CTV is grown to
create respective PTV and all serial OAR are grown to
create respective planning risk volume (PRV).

Target delineation in the postoperative setting

The following steps are a guide to delineate target
volumes in this setting and are based on the general
principles of radiotherapy in the definitive setting.
The postoperative histology report and intraoperative
findings aid in outlining the at-risk regions accurately.

Step 1: Re-create preoperative primary and nodal
gross tumour volume (‘GTVp’ and ‘GT V)

The position of the primary and involved node(s)
is re-created on the planning CT scan. The accuracy of
this step is improved with the aid of co-registration of
diagnostic scans (CT, MRI and/or PET-CT). The vol-
umes are labeled ‘GTVp’ and ‘GTVn.

o Edit ‘GTVp and ‘GTVn' as necessary, based on the
postoperative change in anatomy.

o Add 1-to 1.5-cm isotropic margin in all directions
to ‘GTVp' to create CTVp.

o Add 1-cm isotropic margin in all directions to
‘GTVn’ to create CTVn.

Step 2: Delineate clinical target volume (CTV1)

This clinical target volume includes the primary
and nodal tumour bed with a margin and all patho-
logically involved nodal levels.

o Edit the volumes CTVp and CT Vn for anatomical
barriers such as bone, fascia and air.

o Extend CTVn to include all pathologically
involved nodal levels according to the consensus
guidelines.

o Extend this volume to include seromas and any
other postoperative changes.

Endpoint

Myelopathy

Necrosis

Neuropathy

Visual loss
Scotomas/visual field loss
Cataract

> Grade 2 xerostomia

Step 3: Delineate elective clinical
volume (CTV2)

This includes all uninvolved nodal levels in the
dissected neck and other at-risk nodal levels as in
Table 11.9.

Steps 4 and 5 are the same as those in the definitive

setting described above.

target

Setting objectives/constraints and order of priorities

This step is essential for inverse planning and is
required to achieve an optimal plan. An objective is a
parameter desired to be met where compromise may be
an option, while a constraint is a parameter that must
be met where compromise is not an option. A planning
risk volume is added to all OARs, and priorities are
individualised for each patient.

Normally constraints to serial OARs are set at the
highest priority and the maximum dose to these organs
cannot exceed a predetermined level, even to achieve
PTV coverage (there are exceptions to this). The next
priority is to achieve PTV coverage, followed by object-
ives for dose to the parotid gland and other OARs. On
occasions, the dose to the parotid gland on the unin-
volved contralateral neck is prioritised at the expense
of the PTV coverage. Table 11.9 shows the dose con-
straints for various OARs in the head and neck region
with the respective endpoints. The accepted standard
level of risk is 5% complication rate at 5 years (TD-5/5).

Planning

All patients undergoing radical radiotherapy are con-
formally planned usually in a single phase (forward
or inverse planned) and most centres in the UK now
use intensity-modulated radiotherapy (IMRT) to treat
a majority of curative intent head and neck cancer
patients. Intensity modulation is delivered using a step
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Table 11.10 PTV objectives for head and neck radiotherapy
planning

Volume of PTV (%) % Prescribed dose

99 >90
95 >95
50 100
5 <105
2 <107

and shoot technique or more recently using dynamic
volumetric-modulated arc therapy (VMAT).

Table 11.10 shows an example of PTV objectives
that are normally used to assess a plan quantitatively.

Radiotherapy side effects

Radiation treatment-induced reactions are divided
into acute and late side effects. Acute side effects are
defined as events that happen during radiotherapy or
within 90 days after starting treatment. The following
steps at the start of radiation treatment help to mini-
mise the reactions.

o Avoiding sun exposure, wet shaving and perfumed
soap and toiletries.

o Twice daily application of skin moisturiser to the
head and neck region.

o Maintaining oral hygiene by using regular mouth
wash three to four times a day.

Patients are closely monitored on a weekly basis
during treatment to provide support and to grade the
acute toxicities using either RTOG or common toxicity
criteria (CTCAE) grading systems.

Acute radiation reactions: typically start to mani-
fest during the third week of radiation therapy and
continue to intensify as treatment progresses, with the
worst reactions often seen during the week after the
end of treatment.

Late radiation reactions: these occur many months
to years after completion of treatment. Concurrent
chemoradiotherapy is associated with significant late
toxicities in 43% of patients (Machtay et al., 2008). The
most common late toxicities in long-term survivors are
xerostomia and swallowing dysfunction, with a small
proportion experiencing trismus, subcutaneous fibro-
sis and osteoradionecrosis. Swallowing dysfunction
has the most profound impact on long-term quality of
life (Langendijk et al., 2008). A significant proportion
of patients (approximately 24% at 1 year, 14% at 2 years
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and 12% at 3 years) experience long-term feeding tube
dependence after treatment, which has reduced con-
siderably in the current IMRT era to less than 5% at
2 years.

Increasing treatment conformality, reducing radio-
therapy dose and substituting chemotherapy with
biological agents are all being investigated as ways to
reduce the long-term consequences of treatment on
swallowing.

Management of acute reactions

Skin: unguentum is used for the affected areas (patchy
moist desquamation) while continuing with regular
moisturising cream (e.g. Epaderm®) to the unaffected
regions. Confluent desquamation needs a moist wound
management system such as Intrasite Gel®, a topical
application that helps to maintain the moisture and
aids in wound debridement or alternatively a polymem
dressing when there is a large area of skin ulceration.

Mucous membrane: all patients develop mucositis
(oral and/or pharyngeal) during the course of radio-
therapy, the severity varying from patient to patient.
The management consists of:

o maintaining scrupulous oral hygiene by brushing
the teeth twice with soft brush and rinsing the
mouth regularly with saline;

« Caphosol® mouth rinse (calcium and phosphate
ions) can prevent and reduce the duration and
pain of oral mucositis;

» benzydamine mouth wash, a topical, non-steroidal
anti-inflammatory drug with analgesic and
anaesthetic properties to control pain;

 systemic analgesics according to the WHO pain
ladder;

o topical mucoprotectant such as Gelclair®,
MuGard®, Episil®;

o treat super-added infection (bacterial or fungal) if
present;

 avoid smoking, alcohol and certain foods (citrus,
spicy, hot and hard);

o avoid chlorhexidine mouth wash, as this may
inhibit the re-growth of the mucosa.

Xerostomia: artificial saliva preparations can be
used to help with this symptom (AS Saliva Orthana®,
Gladosane®, Bioténe® oral balance gel).

Odynophagia: analgesics according to the WHO
pain ladder and the use of soft, pureed diet and sup-
plements (given orally or via nasogastirc and/or
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gastrostomy tubes) to maintain nourishment during
treatment.

Role of systemic therapy in head and
neck cancer

Systemic therapy plays an important role in the man-
agement of HNSCC and includes chemotherapy and
biotherapy, both in the curative and palliative setting.

Chemotherapy as part of radical treatment

The timing of chemotherapy in combined modality
approaches may be as follows.

o Neoadjuvant or induction chemotherapy followed
by radiotherapy.

o Concurrent chemoradiotherapy.

o Sequential therapy (neoadjuvant chemotherapy
followed by concurrent chemoradiotherapy).

The optimal combination of chemotherapy drugs
and the timing with radiation are yet to be determined.
The results of the Meta-Analysis of Chemotherapy on
Head and Neck Cancer (MACH-NC) updated in 2009
confirmed the following benefits (Pignon et al., 2009).

o Concurrent chemoradiotherapy improved
overall survival by 6.5% at 5 years compared to
radiotherapy alone. A statistically significant
decrease in benefit was observed with increasing
age with no benefit over 70 years.

o Induction chemotherapy with cisplatin and 5-FU
resulted in significant improvement in overall
survival compared with local therapy alone. There
was no benefit with other chemotherapy regimens.

o There was no improvement in overall survival
when concurrent chemotherapy and radiotherapy
were compared with induction chemotherapy
followed by radiotherapy alone. However,
concurrent chemoradiotherapy was more effective
in preventing locoregional failure, while induction
chemotherapy provided a relatively more
pronounced effect on distant metastasis.

o There was no improvement in overall survival
following adjuvant chemotherapy compared with
definitive local therapy alone.

Chemotherapy regimens

The most common drugs with proven activity in
HNSCC include cisplatin, 5-flurouracil (5-FU) and
taxanes (docetaxel and paclitaxel) and are used in

a combination regimen of either two (cisplatin and
5-FU) or three (cisplatin, 5-FU and docetaxel) drugs in
the neoadjuvant setting.

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy with three drugs (doc-
etaxel, cisplatin and 5-FU; TPF) compared to a two
drug (cisplatin and 5-FU; PF) regimen has shown
improved outcomes. A meta-analysis of five studies
that used taxanes (neoadjuvant) confirmed significant
reductions in progression, locoregional failure, distant
failure and improved overall survival compared with
PF (Blanchard et al., 2013). This regimen is associated
with higher acute toxicity (12% experiencing neutro-
penic sepsis and the non-haematological toxicities
include mucositis, oesophagitis, nausea and anorexia)
and should be offered only to patients with good per-
formance status with little or no comorbidity.

The benefit of TPF over PF chemotherapy prior to
radical cisplatin-based concurrent chemoradiother-
apy is still not fully established (see sequential therapy
below).

Concurrent chemotherapy

The MACH-NC meta-analysis demonstrated a sur-
vival benefit for concurrent chemoradiotherapy com-
pared with radiotherapy alone for all chemotherapy
regimens and a greater benefit for cisplatin-based
regimens.

The most common regimen used in the UK is
high-dose bolus cisplatin given at 100 mg/m? on days 1
and 22 along with curative radiotherapy (RTOG 0129
and RTOG 91-11). This regimen is associated with
significantly higher mucosal toxicity compared with
radiotherapy alone (82% versus 61%) and therefore
should be used only in patients with good performance
status.

Other regimens include weekly cisplatin at 40 mg/
m’ for 6 weeks; carboplatin at AUC 5 on Days 1 and 22
or weekly at AUC 1.5-2 may be used in patients who
are not suitable for cisplatin. None of these regimens
have been compared with high-dose bolus cisplatin
for efficacy, but are considered reasonable alternative
options.

Sequential therapy

Based on the results of the meta-analysis, the opti-
mal way to incorporate chemotherapy with locore-
gional therapy would be sequential therapy with
induction chemotherapy followed by concurrent
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chemoradiotherapy. Studies thus far showed conflict-
ing results with some favouring sequential therapy
while others suggested no added benefit of induction
therapy for a number of reasons (choice of chemother-
apy regimens, trial design, and difference in patient
population).

An Italian phase II/III study randomised 421
patients with locally advanced squamous cell carcin-
oma to induction chemotherapy with TPF followed
by radiotherapy alone or concurrent chemoradio-
therapy alone. The sequential therapy significantly
improvedsurvival (at 3 years,58% versus46%, median
54 versus 30 months) and progression-free survival
(47% versus 37%, median 30 versus 19 months) com-
pared to concurrent chemoradiotherapy alone (Ghi
etal.,2014).

While the long-term outcome of these studies are
still awaited, the use of sequential therapy in clinical
practice should be individualised and offered to a select
group of patients with good performance status (0, 1),
limited or no comorbidity and high risk of locoregional
and distant recurrence.

Biological treatments as part of radical

treatment

Epidermal growth factor receptor (EGFR) is overex-
pressed in HNSCC and is associated with poor prog-
nosis. The role of EGFR inhibitors in the management
of patients with locally advanced squamous cell carcin-
oma has been tested (cetuximab, panitumumab and
erlotinib) either alone or in combination with concur-
rent chemotherapy with curative intent radiotherapy.

The combination of cetuximab and radiother-
apy improved the median locoregional control (24.4
versus 14.9 months) and median duration of overall
survival (at median follow up of 54 months, 49 ver-
sus 29.3 months) compared to radiotherapy alone
(Bonner et al., 2006). The addition of cetuximab along
with concurrent chemoradiotherapy did not improve
outcome compared to chemoradiotherapy alone (Ang
etal.,2014).

Studies comparing the benefit of cetuximab and
radiotherapy against concurrent chemotherapy,
the current standard of care for patients with locally
advanced squamous cell carcinoma, have not yet
reported. The use of cetuximab in the UK is there-
fore limited to patients who have good perform-
ance status and have contraindications for the use of
cisplatin-based chemotherapy.
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Systemic treatment with palliative intent

Patient groups for palliative intent treatment include
inoperable locoregionally recurrent disease, distant
metastatic disease, or a combination of both. Systemic
therapy improves quality of life and overall survival
compared with best supportive care, but is associated
with side effects and should be considered only in suit-
able patients.

The commonly used active agents include platins
(cisplatin, carboplatin), taxanes (paclitaxel, docetaxel),
5-FU, methotrexate and cetuximab. The prognostic
factors for favourable and poor outcomes following
treatment are listed in Table 11.11 (Argiris et al., 2004).

First-line systemic treatment with
palliative intent

Single agent versus combination regimen

Single-agent treatment (cisplatin, carboplatin, metho-
trexate) results in a response rate of approximately
10-15%, while a combination regimen (cisplatin plus
5-FU or carboplatin plus 5-FU) significantly improves
the response rate to around 25-35%, with a median
duration of response of 4-5 months, but is associ-
ated with an increased incidence of acute haemato-
logical and non-haematological toxicities and does not
improve overall survival (median survival 5-7 months;
Forastiere et al., 1992). The selection of regimen will
therefore depend on the patients’ performance status
and comorbidity.

The addition of taxane (paclitaxel or docetaxel)
with cisplatin or carboplatin has been studied in vari-
ous combinations. None of these have demonstrated a
better response or survival compared to the cisplatin
and 5-FU regimen. The ECOG group studied the com-
bination of platin plus taxane versus platin plus 5-FU
in a phase III trial. The response rate (27 versus 26) and
median overall survival (8.7 versus 8.1 months) were
not statistically significant (Gibson et al., 2005).

A platin doublet with 5-FU or taxane is the pre-
ferred regimen in this setting in patients with good
performance status.

Combination of biological therapy with chemotherapy

The most commonly studied biotherapy agents in
combination with cisplatin and 5-FU in the palliative
setting are the EGFR monoclonal antibodies cetuxi-
mab and panitumumab. The addition of cetuximab to
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Table 11.11 Factors associated with favourable and poor outcome following palliative chemotherapy

Factors Favourable outcome
Performance status 0
Comorbidity None

Prior chemotherapy Good response

Prior radiotherapy None

Weight loss No weight loss

cisplatin and 5-FU significantly prolonged overall sur-
vival (10.1 versus 7.4 months), progression-free sur-
vival (5.6 versus 3.3 months) and objective response
rates (36% versus 20%) when compared to cisplatin
and 5-FU alone in a randomized trial (Vermorken
et al., 2008). This regimen is now used in UK centres as
the first-line systemic therapy in the palliative setting
where funding is available.

Panitumumab in combination with cisplatin and
5-FU improved progression-free survival (5.8 ver-
sus 4.6 months) but did not improve overall survival
(median survival 11.1 versus 9 months) when com-
pared with cisplatin and 5-FU alone (Vermorken
etal.,2013).

Second-line systemic treatment with
palliative intent

Second-line treatment results in objective response
rates of less than 10% with no improvement in overall
survivaland its use should be considered ina very select
group of patients with good performance status, good
response to prior treatment and longer treatment-free
interval.

The choice of treatment depends upon the prior
treatment regimen and associated toxicities. Drugs
include a combination regimen of carboplatin and
paclitaxel when cisplatin and 5-FU were used initially
or single agents such as cetuximab, methotrexate or
gemcitabine.

Prognosis in head and neck cancer

Prognosis depends upon the stage and site/subsite, dis-
cussed in respective sites later in the chapter. The term
‘relative survivalis used which accounts for differences
in the risk of dying from causes other than the disease
under study. It is the ratio of observed survival rate to
the expected rate for a group of people in the general

Poor outcome

1

Significant comorbidity
Poor or no response
Radiation treatment
Presence of weight loss

population similar to the patient group with respect to
race, sex and age.

Carcinoma of the oral cavity
Anatomy

The boundaries extend from the vermilion border
of lips anteriorily to the junction of the soft and hard
palate (above) and to the circumvallate papillae of the
tongue (below) posteriorly. The glosso-tonsillar sulcus
and anterior pillars of the tonsil form the lateral bound-
aries between the oral cavity and the oropharynx.

Risk factors

Tobacco and alcohol are the most common risk fac-
tors for oral cavity cancers; sun exposure is an impor-
tant risk factor for lower lip carcinoma; tobacco and
betel nut chewing, most widely practised in Asia and
India, is an important risk factor for buccal mucosa
cancers.

Subsites

Table 11.1 details the subsites. The commonest sub-
sites for cancers in the Western world are the floor of
mouth, the oral tongue and lip cancers, while the buc-
cal mucosa is more common in Asia and India.

Clinical presentation

The commonest clinical presentation is a non-healing
ulcer with or without associated symptoms of pain,
difficulty in chewing, swallowing or speaking, and/or
swelling in the neck.

Investigations and staging

Investigations are detailed in an earlier section.
Primary T staging is summarised in Table 11.12 and
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Table 11.12 Tstaging of oral cavity cancers

11 Tumour<2cm

T2 Tumour >2 cm but<4cm

T3 Tumour >4 cm

T4a Moderately advanced local disease

Lip: tumour invades through cortical bone,
inferior alveolar nerve, floor of mouth or skin of
face (chin or nose)
Other subsites: tumour invades through
adjacent structures only (through cortical
bone, deep extrinsic muscles of tongue,
maxillary sinus and skin of face)

T4b Very advanced local disease
Tumour invades through masticator space,
pterygoid plates or skull base and/or encases
internal carotid artery

Adapted from AJCC, 2009.

nodal staging is summarised in Table 11.3. All patients
are staged as in Table 11.4.

Treatment

Early-stage (1 and 1)

Single modality treatment with surgery is the treat-
ment of choice. Surgery involves wide local excision.
The extent of the defect determines the nature of clos-
ure and ranges from primary closure where possible,
local flap mobilisation to fill the defect when primary
closure is not possible and to achieve better cosmesis
or microvascular flap reconstruction, when there is a
large defect to achieve better cosmesis and function.

The management of a node-negative neck depends
upon the primary subsite. A prophylactic neck dissec-
tion (unilateral for lateralised tumour and bilateral
for midline tumours) is routinely recommended for
floor of mouth and tongue primary tumours due to the
higher incidence of occult metastasis (25-45%), while
observation or neck dissection are options for other
subsites, as the incidence of occult metastasis is less
than 10-15%.

Radiotherapy

Radiotherapy is considered in patients who decide not
to have surgery or are not able to have surgery due to
comorbidities. Radiotherapy is planned using the gen-
eral principles outlined earlier including target volume
delineation. For buccal mucosa cancers a 2-cm margin
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around the gross tumour volume is recommended to

create a clinical target volume. Elective nodal irradi-

ation depends upon subsite and is recommended in
oral tongue and floor of mouth cancers.

For patients with lip cancer, radiation treatment
using electrons (9-15 MeV) or kilovoltage X-rays
(170-300 KV) is an option. The following steps ensure
optimal treatment using electrons.

+ Assess the dimension of tumour including depth.

o Add1 cm for microscopic spread and a further
5 mm for penumbra.

o Useinternal shielding (lead covered in wax) to
protect deep normal tissues (teeth and gums). The
thickness of lead depends upon the energy of the
electrons used (general rule — energy/2 in mm
oflead).

o Exclude the uninvolved lip from the radiation field
by using a mouth bite.

o Usea custom-made end plate cut-out to shape
the field.

o Useabolus of 5-10 mm thickness to ensure the
prescription dose to the surface of the tumour.

When kilovoltage X-ray is used, the above steps
ensure optimal treatment with the following excep-
tions: the additional 5 mm for penumbra and bolus
are not required and a lead cut-out is used to shape
the field.

Locally advanced stage (Ill and 1V)

Patients with advanced disease have tumours more
than 4 cm and/or invasion of adjacent structures
(extrinsic muscles of tongue, bone) and/or involve-
ment of regional lymph nodes. A combined modality
approach is normally recommended to treat this group
of patients due to the high risk of locoregional recur-
rence. Surgery is the treatment of choice for all subsites
followed by adjuvant radiotherapy with or without
concurrent chemotherapy based on postoperative
pathology.

Surgery to the primary site involves wide local
excision to achieve clear resection margins and
reconstruction with either a composite free flap (soft
tissue and bone, usually fibula) or soft tissue free flap
(usually radial forearm) or a pedicle flap to improve
functional and cosmetic outcome. The type and
extent of surgery varies with the subsite of the pri-
mary tumour. All patients will undergo either uni-
lateral or bilateral neck dissection according to the
subsite of primary tumour; the types of dissections
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Table 11.13 Five-year relative survival for oral cavity cancers

Stage Oral cavity (%) Lip (%)
I 715 89.6
Il 579 83.5
1l 44.5 546
\Y 319 47.2

Adapted from AJCC, 2009.

are described earlier and will depend on the status of
the neck nodes.

Radiotherapy

Radiotherapy with or without concurrent chemother-
apy is an alternative in patients who refuse surgery,
are medically unfit, would have an unacceptable func-
tional outcome with surgery, or in patients with inop-
erable disease. Adjuvant radiotherapy with or without
chemotherapy following surgery is recommended
when pathological risk factors for recurrence are pre-
sent as described earlier.

Radiotherapy planning

All patients needing radiotherapy (definitive and
adjuvant) are immobilised, scanned and outlined
as detailed before. The decision to treat the unilat-
eral or bilateral neck depends on the site and extent
of the primary tumour. The ipsilateral neck is treated
for primary tumours arising from the buccal mucosa,
alveolus, retromolar trigone and the lateral border of
the oral tongue and the lateralised floor of mouth. The
bilateral neck is treated in all patients when the pri-
mary tumour crosses the midline.

Prognosis

The five-year relative survival by combined (clinical
and pathological) AJCC stage for oral cavity squamous
cell carcinoma and lip are shown in Table 11.13.

Carcinoma of the nasopharynx
Introduction

Nasopharyngeal carcinoma (NPC) is rare in the
Western world, but is much more common in parts of
Asia, such as southern China. In the West, the adjusted
incidence is around 1 per 100,000 per annum com-
pared to 20-30 per 100,000 in Hong Kong (British
Association of Otorhinolaryngology, 2011).

Anatomy

The nasopharynx is a narrow tubular space situated

behind the nasal cavity and is bound by the following.

1. Superior - the floor of the sphenoid sinus and
clivus.

2. Inferior - the caudal edge of C1 or nasal aspect of
the soft palate.

3. Anterior - the junction with the nasal choanae.

4. Posterior - the posterior pharyngeal wall.

5. Lateral - the lateral pharyngeal wall and the medial
border of the parapharyngeal space.

The retropharyngeal lymph nodes are the first echelon
nodes draining the nasopharynx. The nasopharynx
also drains to level Il nodes and upper level V nodes.

The lateral wall or roof of the nasopharynx
is the commonest site of origin of carcinoma.
Approximately 60-90% of patients present with ipsi-
lateral palpable lymphadenopathy and 50% have
bilateral enlarged nodes. The skull base is involved in
about 30% of cases.

Risk factors

The commonest risk factors are Epstein Barr virus
(EBV) and nitrosamines, which are present in
salt-cured fish and meat and released during the cook-
ing process. Other risk factors include genetic predis-
position and heavy alcohol intake.

Clinical presentation

The clinical symptoms are non-specific and include:

o painless neck lump in the posterior triangle;

« unilateral otitis media, conductive deafness and
tinnitus;

« nasal obstruction, epistaxis;

o sore throat;

o cranial nerve dysfunction (II- VI or XI-XII).

Investigations and staging

Investigations are detailed in an earlier section.
Primary T staging is summarised in Table 11.14
and nodal staging is summarised in Table 11.3. All
patients are assigned an overall stage as in Table 11.4.

Histology

Squamous cell carcinoma (SCC) is the commonest
carcinoma affecting the nasopharynx, and the World
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Table 11.14 T staging of nasopharyngeal cancers

T1 Tumour confined to the nasopharynx or tumour
extending to oropharynx and/or nasal cavity
without parapharyngeal extension

T2 Tumour with parapharyngeal extension

T3 Tumour involves bony structures of skull base
and/or paranasal sinuses

T4 Tumour with intracranial extension and/or
involvement of cranial nerves, hypopharynx,
orbit, or with extension to the infratemporal
fossa/masticator space

Adapted from AJCC, 2009.

Health Organisation (WHO) histopathological grad-
ing system divides these tumours into three types
(Shanmugaratnam et al., 1978):

o typelorkeratinising SCC is more common in the
West and accounts for about 20% of NPC. Local
control is harder;

« type Il or non-keratinising SCC is common in
endemic cases and is associated with EBV. It
accounts for about 30% of NPC. This type is more
responsive to radiotherapy and chemotherapy
and has a higher predilection for distant
metastases;

o typeIlIl or undifferentiated carcinoma is also
common in endemic cases and associated with
EBV. It accounts for about 50% of NPC.

Other histological subtypes include adenocarcinoma
and lymphoma (T cell).

Treatment

Overview

Non-surgical treatment with radiotherapy with or with-
out concurrent chemotherapy remains the treatment
of choice for all stages of disease. Intensity-modulated
radiotherapy (IMRT) should be used for all patients
with NPC due to its close proximity to critical structures
and complex target volumes. IMRT also results in less
xerostomia and improved quality of life when compared
to conventional 3D radiotherapy (Pow et al., 2006).

The role of surgery is limited to diagnosis (biopsy)
and salvage neck dissection for recurrent or persistent
positive nodes after chemoradiotherapy.

The addition of chemotherapy (neoadjuvant, adju-
vant or concurrent) to radiotherapy improves out-
comes with the largest benefit seen with concurrent
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chemotherapy and radiotherapy, leading to a survival
benefit of 20% at 5 years (Langendijk et al., 2004). The
Cochrane individual patient meta-analysis of 1753 NPC
patients in 8 randomised trials comparing chemother-
apy plus radiotherapy versus radiotherapy alone showed
an absolute overall survival benefit of 6% at 5 years and
an absolute event-free survival benefit of 10% at 5 years
with the addition of chemotherapy (Baujat et al., 2006).
The optimal combination of chemotherapy and radi-
ation in the treatment of NPC is yet to be determined.

Commonly used chemotherapy strategies include
the following:

o Neoadjuvant chemotherapy - often 2 cycles of PF
for fit patients with bulky nodal disease prior to
chemoradiotherapy with cisplatin.

» Concurrent chemoradiotherapy alone with
cisplatin.

o Concurrent chemoradiotherapy with cisplatin
followed by 3 cycles of adjuvant PF (Al-Sarraf
etal., 1998).

The most commonly used strategy in many centres in
the UK is neoadjuvant chemotherapy: 2 cycles of PF
followed by concurrent chemoradiotherapy (single
agent cisplatin at 100 mg/m? given at 3-weekly inter-
vals for 3 doses).

There is no evidence to date for the use of docetaxel
or cetuximab in the treatment of NPC.

Treatment of early-stage (1)

Patients with stage I disease should be treated with
radical radiotherapy alone.

Treatment of intermediate stage (II)

Concurrent chemoradiotherapy is recommended
for this group of patients due to the higher incidence
of distant failure with radiotherapy. The Intergroup
Study 0099 comparing radiotherapy alone and chemo-
radiotherapy included patients with stage II disease
(Al-Sarraf et al., 1998).

Treatment of locally advanced stage

Most patients present withlocallyadvanced disease and
should be offered concurrent chemoradiotherapy or
radiotherapy alone in patients unfit for chemotherapy.

Radiotherapy planning

The general principles of target delineation as outlined
in the earlier section are followed to delineate the tar-
gets. All lymph node levels on both sides of the neck
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are at risk and are included in the treatment volume
in virtually all patients. The practice varies across dif-
ferent centres regarding clinical target volume (CTV)
delineation, dose prescription, dose constraints and
acceptance criteria. Most centres use a three-dose vol-
ume with the high-dose volume receiving 70 Gy over
35 fractions and the dose to the intermediate and pro-
phylactic dose volumes as in Table 11.6.

CTV1shouldinclude GTV + 1 cm, the whole naso-
pharynx and all involved lymph node levels. Following
induction chemotherapy, post-chemotherapy residual
volumes are outlined as GTV.

CTV2 includes the following regions.

o Posteriorly - the bilateral retropharyngeal nodes
when not involved.

o Anteriorly - the posterior third nasal cavity,
posterior ethmoid and posterior third maxillary
antrum anteriorly.

o Laterally - the bilateral parapharyngeal spaces,
pterygoid plates + pterygoid muscles.

o Superiorly - skull base and floor of the sphenoid
sinus superiorly including bilateral foramen ovale,
carotid canal and foramen spinosum, clivus and
petrous tips.

CTV3 includes:

o the upper half of the sphenoid sinus;

o theinfraorbital fissure, orbital apex and
supraorbital fissure;

o uninvolved nodal levels at risk of harbouring
microscopic disease. The at-risk lymph node levels
include bilateral levels Ib—Va, VD, the retrostyloid
space and the supraclavicular fossa.

Treatment is planned and delivered using IMRT. Most
patients in the UK are treated with external beam
radiotherapy, but intracavitary and interstitial brachy-
therapy boosts are alternative treatment options to
improve dose delivery to the primary tumour in the
nasopharynx.

The incidence of acute mucositis increases by 30%
with the addition of chemotherapy (Lee et al., 2012).
Tumour control in NPC is highly correlated with radi-
ation dose, and a high dose of at least 70 Gy equivalent
is needed for gross tumour eradication.

Prognosis

The five-year relative survival by combined (clinical
and pathological) AJCC stage for nasopharynx squa-
mous cell carcinoma is shown in Table 11.15.

Table 11.15 Five-year relative survival for nasopharyngeal
cancer

Stage Five-year relative survival (%)
1 715
2 64.2
3 62.2
4 384

Adapted from AJCC, 2009.

Historically, local control rates for patients with
NPC who receive conventional radiotherapy range
from 64% to 95% for T1-2 tumours and 44-68% for
T3-4 tumours (Lee et al., 2009). Most contempor-
ary IMRT series report excellent local control results
exceeding 90% at 2-5 years, but with distant metastases
remaining as high as 44% at 4 years (Lee et al., 2009,
2012). Patients with metastatic disease have a median
survival of about 6 months.

Carcinoma of the oropharynx
Introduction

The incidence of oropharyngeal carcinoma (OPC) in
the UK doubled over the last decade to 2.3 per 100,000
(National Cancer Intelligence Network, 2010), mostly
attributed to human papillomavirus (HPV) infection
and affecting younger patients, while the incidence
related to smoking and drinking is decreasing and
affects older patients.

Current HPV prevalence in OPC in the West is
reported to be as high as 72% (Mehanna et al., 2013),
with HPV 16 being the predominant subtype. The
most common subsites are the tonsil and tongue base.
HPV-positive patients typically present with early T
stage and more advanced N stage with lymph nodes
that are often cystic in nature.

Anatomy

The oropharynx extends from the palate to the hyoid.
The boundaries are:

o superior - the junction of the hard and soft palate;
o inferior - the vallecula/hyoid;

 anterior - the circumvallate papillae;

o posterior — the posterior pharyngeal wall;

o lateral - the lateral pharyngeal wall.
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Subsites of the oropharynx include:
o tonsil;

o tongue base;

o vallecula;

o soft palate;

o posterior pharyngeal wall.

Level II nodes are the first echelon nodes draining the
oropharynx. Approximately 60-80% of patients pre-
sent with involved lymph nodes and between 15% and
40% of clinically node-negative patients have occult
nodal disease. The tongue base, soft palate and poster-
ior pharyngeal wall are midline structures with a high
risk of contralateral neck node involvement.

Risk factors

The principal risk factors are tobacco and alcohol use.
Despite the reducing use of tobacco, there is an increas-
ing incidence of these cancers in younger adults caused
by HPV infection. HPV 16 is the commonest subtype.

Clinical presentation

The majority of patients present with sore throat and/
or painless neck swelling and/or occasionally foreign
body sensation in the throat. Patients with advanced
stage present with:

o difficulty in swallowing and odynophagia;

o referred otalgia;

e trismus;

o impaired tongue movement and altered speech.

Investigations and staging

Investigations are detailed in an earlier section.
Primary T staging is summarised in Table 11.16 and
nodal staging is summarised in Table 11.3. All patients
are staged as in Table 11.4.

Histology

Squamous cell carcinoma is the commonest histology.
Other histological subtypes include adenocarcin-
oma, small cell carcinoma, lymphoma and mucosal
melanoma.

Treatment overview

The treatment of choice depends upon the subsite,
stage, morbidity associated with treatment modality
and local expertise. Early-stage disease can often be
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Table 11.16 T staging of oropharyngeal cancers

T Tumour <2 cm
T2 Tumour >2cmbut <4cm
T3 Tumour >4 cm or extension into lingual

surface of epiglottis

T4a Moderately advanced local disease: the
tumour invades the larynx, extrinsic
muscle of tongue, medial pterygoid, hard
palate or mandible

T4b Very advanced local disease: the tumour
invades the lateral pterygoid muscle,
pterygoid plates, lateral nasopharynx or
skull base or encases the carotid artery

Adapted from AJCC, 2000.

treated by transoral surgery and neck dissection or
radiotherapy as a single modality achieving compara-
ble control and survival rates. Locally advanced stage
disease is treated using multimodality to improve out-
comes, usually a combination of chemotherapy and
radiotherapy with surgery limited to neck dissection,
either prior to or following definitive treatment.
Tumours of the oropharynx are broadly classified
into lateralised and non-lateralised tumours based on
the primary site of the tumour in order to determine
the treatment of the uninvolved contralateral neck.

Lateralised tumour

o Tumour confined to the tonsillar fossa or
extending onto or into the adjacent tongue base
and/or soft palate by less than 1 cm.

Non-lateralised tumour
o Tonsillar tumour that involves the adjacent
tongue/soft palate by more than 1 cm.

OR

o A tumour that arises from a midline structure
(tongue base/soft palate/posterior pharyngeal
wall, vallecula).

A contralateral NO neck should be treated prophy-
lactically in non-lateralised tumours.

Surgery

Early-stage (I and II)

Surgery involves wide local excision using a tran-
soral approach (TLM or TORS) with selective neck
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dissection (ipsilateral or bilateral) based on the lateral-
isation of the tumour.

Patient selection is crucial and is based on exam-
ination findings under anaesthesia (mobile tumour
not fixed to constrictors) and imaging, with the
anticipation that surgery will achieve clear resection
margins and would avoid adjuvant treatment where
possible. The most common subsite for transoral
resection is the tonsil, although a small proportion of
early tongue base tumours can also be resected using
TORS. Results from TLM and TORS studies show
good oncologic and functional outcomes (Moore and
Hinni, 2013).

Open surgery with lip split mandibulotomy, resec-
tion of primary tumour and reconstruction with a free
flap is not recommended due to the associated mor-
bidity of poor long-term swallowing function affecting
quality of life.

Locally advanced stage (Il and 1V)

The role of surgery in advanced stage disease is lim-
ited to neck dissection (prior to or following chemo-
radiotherapy) in the definitive setting or as a salvage
for patients who have persistent or relapsed disease
following definitive treatment. Salvage surgery for
locoregional disease offers a small chance of long-term
survival and usually involves a total glosso-pharyngo-
laryngectomy and reconstruction.

Radiotherapy and systemic therapy
Early-stage (I and II)

Primary radiotherapy is an alternative treatment
option for all subsites with early-stage disease and
includes ipsilateral elective nodal treatment for lat-
eralised tumours and bilateral elective nodal treat-
ment for non-lateralised tumours. The outcomes
(locoregional control and survival) are comparable
to surgery with lower rates of complications (Parsons
etal.,2002).

Adjuvant radiotherapy with or without chemo-
therapy following surgery is based on the histology.
The indications for adjuvant treatment are detailed in
an earlier section of this chapter.

Locally advanced stage (Ill and IV)

Concurrent chemoradiotherapy remains the treat-
ment of choice for locally advanced OPC and involves
a given combination of radiotherapy and chemother-
apy as below.

o Concurrent chemoradiotherapy.

o Radiotherapy with concomitant cetuximab (where
chemotherapy is contraindicated).

o Radiotherapy alone.

o Induction chemotherapy followed by radiotherapy
or concurrent chemoradiotherapy.

The additional benefit of concurrent chemother-
apy decreases with age with no significant benefit
in patients over 70 years of age as a whole. The add-
ition of chemotherapy in patients over 70 years of age
should be carefully considered on an individual basis.

Patients with a high risk of systemic metastasis (T4,
N2c¢ and N3 neck disease) and those who are symp-
tomatic due to large-volume primary tumours are
considered for neoadjuvant chemotherapy. There is an
increasing trend to use TPF in this group of patients
with good performance status, following a recent
meta-analysis (Blanchard et al., 2013).

Patients with bulky resectable neck disease (N2a
and above), particularly those not suitable for systemic
therapy, are considered for neck dissection, either
before or after completion of radiotherapy.

Radiotherapy planning

All patients needing radiotherapy (definitive and adju-
vant) areimmobilised, scanned and outlined as detailed
previously. Two outlining protocols for oropharyngeal
tumours are commonly used in the UK: anatomical
and volumetric (or geometric).

CTV1 (Step 2) with these different approaches
includes:

o anatomic - the entire oropharynx from the soft
palate to the bottom of the hyoid for all subsites;

o volumetric - the GTV and 1 cm around the
tumour (edited for bone, air and natural
barriers): this method relies on accurately
identifying the tumour on the planning CT scan.

CTV2 (Step 3) includes:

o allat-risk uninvolved lymph node levels as per
Table 11.17.

All curative intent patients should be routinely
planned using intensity modulation to spare the parot-
ids (contralateral) in order to reduce the incidence of
long-term xerostomia because forward planned con-
formal treatment is associated with a higher incidence
of severe xerostomia (83% versus 29% at 24 months;
Nutting et al., 2011). Figure 11.1 shows a radiotherapy
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Table 11.17 Nodal levels at risk for oropharyngeal cancers

Neck node status Lateralised tumours

Node-negative Ipsilateral level Ib to IVa

LevelVlla (retropharyngeal)
Node-positive Ipsilateral Level Ib to IVa
Level Vlla

Other lymph node levels as per Table 11.8

Isodoses (Gy)
62.7 (95% of 66)
57

51.3 (95% of 54)
48

20

plan for a patient with locally advanced, node-positive
carcinoma of the tonsil.

Prognosis

The five-year relative survival by combined (clinical
and pathological) AJCC stage for oropharynx squa-
mous cell carcinoma is shown in Table 11.18. This is
not stratified by HPV or smoking.

As well as being dependent on disease stage, the
prognosis of oropharyngeal carcinoma is strongly
influenced by HPV status and smoking history. The
3-year overall survival for HPV-positive OPC is 82.4%
compared to 57.1% in patients with HPV-negative OPC
(Ang et al., 2010), with a 3-year overall survival of 93%
in HPV-positive patients with a low smoking history.

Carcinoma of the hypopharynx

Anatomy

The hypopharynx lies posterior and inferior to the
oropharynx, extending below the oropharynx to the
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Non-lateralised tumours

lpsilateral level Ib to IVa
Level Vlla
Contralateral level Il to IVa

Ipsilateral level Ib to IVa

LevelVila

Contralateral level Il to IVa

Other lymph node levels as perTable 11.8

Figure 11.1 Axial and sagittal views of
a patient with stage T4a N2c squamous
carcinoma of the tonsil planned using
VMAT showing the prescription isodose
lines conforming to the target volumes
and sparing the posterior pharyngeal
walland spinal cord. The involved
regions receive a dose of 66 Gy and
at-risk regions receive a dose of 54 Gy.

oesophageal inlet inferiorly. It is divided into three
subsites: pyriform sinus, posterior pharyngeal wall and
post cricoid region.

The hypopharynx has an extensive lymphatic
drainage pattern which commonly involves:

o levelsIIto V and retropharyngeal lymph nodes
(pyriform sinus);

o levelsIL, III and retropharyngeal lymph nodes
(posterior pharyngeal wall);

o levelsIII, V and para tracheal nodes (post cricoid
region).

Approximately two-thirds of patients are lymph node-
positive at presentation, and occult lymph node metas-
tases are found in approximately 30-50% of clinically
node-negative patients.

Subsites

Pyriform sinus: bounded medially and superiorly by
the aryepiglottic fold, anterosuperiorly by the pharyn-
goepiglottic fold and laterally by the superior edge of
the thyroid cartilage. Inferiorly the apex opens into the
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Table 11.18 Five-yearrelative survival of oropharyngeal cancer

Five-year relative

Stage survival (%)
1 73
2 58
3 45
4 32

Adapted from AJCC, 2009.

oesophagus. Approximately 65-75% of hypopharyn-
geal carcinomas arise from this subsite.

Posterior pharyngeal wall: extends from a plane
drawn from the tip of the epiglottis to the plane drawn
at the inferior border of the cricoid. Approximately
10-20% of hypopharyngeal carcinomas arise from here.

Post cricoid region: extends from the posterior
surface of the arytenoids to the inferior border of the
cricoid cartilage. About 5-10% of hypopharyngeal
tumours arise from this subsite.

Risk factors

Smoking and alcohol use are the main risk factors.
Other environmental risk factors include iron and vita-
min C deficiency, occupational exposure to asbestos,
wood and coal dust.

Clinical presentation

Patients are often asymptomatic during the early stages
of the disease and usually present late with:

o odynophagia, difficulty in swallowing, weight loss;
o referred otalgia, haemoptysis;

o difficulty in breathing;

o painless neck swelling.

Investigations and staging

Investigations are detailed in the earlier section. The
primary T staging for hypopharyngeal cancer is given
in Table 11.19 and nodal staging as in Table 11.3.
Patients are assigned an overall stage as in Table 11.4.

Histology

The most common histological subtype is squa-
mous cell carcinoma. Others include basaloid SCC,
spindle cell carcinoma and minor salivary gland
adenocarcinoma.

Table 11.19 Tstaging of hypopharyngeal cancers

T1 Tumour limited to one subsite and/or
<2cm

T2 Tumour invades more than one subsite,
or > 2 cm but < 4 cm without fixation of
hemilarynx

T3 Tumour >4 cm or with fixation of

hemilarynx or extension to oesophagus

T4a Moderately advanced local disease
Tumour invades thyroid/cricoid cartilage,
hyoid bone, thyroid gland, or central
compartment soft tissue (prelaryngeal
strap muscles and subcutaneous fat)

T4b Very advanced local disease
Tumour invades prevertebral fascia,

encases carotid artery or involves
mediastinal structures

Adapted from AJCC, 2009.

Treatment overview

The treatment of choice is influenced by stage, sub-
site and the ability to preserve laryngeal function
in patients with a functioning larynx and maximis-
ing the chance of achieving locoregional control and
long-term survival. Elective treatment of the bilateral
neck is recommended for all stages, even in a clinically
node-negative neck due to the high incidence of occult
lymph node metastasis (30-50%).

Early-stage disease is usually treated with a single
modality (surgery or radiotherapy). The treatment of
choice for locally advanced disease with functioning
larynx (minimal extralaryngeal disease and no obvious
cartilage or bone involvement) is concurrent chemo-
radiotherapy, aiming to preserve laryngeal func-
tion, and surgery followed by adjuvant treatment for
patients with evidence of cartilage/bone invasion and
large-volume extralaryngeal disease.

Surgery

Early-stage (I and I1)

Selected patients are suitable for transoral resection
(TLM or TORS). This depends on the subsite (pyriform
sinus or posterior pharyngeal wall), access to resection
and local expertise. Open surgical procedures (partial
pharyngolaryngectomy) are not recommended rou-
tinely for early-stage patients due to poor functional
outcome (swallowing and speech).
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Locally advanced stage (Ill and IV)

Surgery usually involves total laryngectomy, partial or
total pharyngectomy, permanent tracheostomy, bilat-
eral neck dissection and reconstruction. The recon-
struction varies from primary closure to free flap to
gastric pull-up when a total oesophagectomy is done
due to upper oesophageal involvement.

Bilateral neck dissection (selective in a node-negative
neck and modified radical in a node-positive neck) is
recommended for all stages.

Adjuvant treatment depends on the final postoper-
ative histology and involves radiotherapy with or with-
out chemotherapy as discussed in an earlier section.

Radiotherapy and systemic therapy

Early-stage (I and II)

Primary radiotherapy is an alternative for early-stage
tumours, achieves comparable outcomes to radical
or larynx preserving surgery (Takes et al., 2012) and
remains the treatment of choice for patients where
larynx-preserving surgery is not possible. There are no
randomised trials comparing surgery and radiother-
apy for early hypopharyngeal cancers.

Locally advanced stage (Ill and IV)

A combined modality treatment is advocated for

advanced-stage disease with the aim of organ and func-

tion preservation and/or local control, and the various

options include:

o concurrent chemoradiotherapy;

 radiotherapy with concomitant cetuximab (where
chemotherapy is contraindicated);

o induction chemotherapy with TPF followed by
radiotherapy or concurrent chemoradiotherapy,
in selected patients to improve organ and function
preservation;

« radiotherapy alone;

o surgery followed by adjuvant treatment based on
histology.

Radiotherapy planning

Patients are immobilised and scanned as detailed
before. The general principles of outlining (definitive
and postoperative) as detailed before are followed. For
hypopharyngeal tumours, CTV1 (Step 2) includes the
following.
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« The GTV is grown asymmetrically (1 cm in
anterior, posterior, right and left and by 2 cm in the
superior and inferior directions).

o The whole hypopharynx (all subsites) and larynx
(tip of epiglottis to bottom of cricoid or lower
as dictated by lower extent of tumour plus 1 cm
below) are included.

o The parapharyngeal space on the ipsilateral side in
patients with gross disease involving the space.

CTV2 (Step 3) includes the following.

o The posterior pharyngeal wall outside of the GTV
+ 2 cm in the superior and inferior direction
from the skull base to the cricoid is included for
tumours arising from the posterior pharyngeal
wall or when it is involved by tumours from other
subsites.

o Allat-risk uninvolved lymph node levels (all
subsites) as per Table 11.20.

Prognosis

The five-year relative survival by combined (clinical
and pathological) AJCC stage for hypopharyngeal
squamous cell carcinoma is shown in Table 11.21.

Carcinoma of the larynx
Introduction

The incidence of laryngeal cancer has been decreasing
since the 1990s (from 7 to 5 per 100,000) and is more
common in men than women. The commonest subsite
is the glottis followed by the supraglottis and the sub-
glottis. Glottic cancers present early while other subsites
generally present late. Bilateral lymph node metasta-
sis is more common in supraglottic cancers (approxi-
mately 50% of cases) due to the rich lymphatic supply.

Anatomy

The larynx is subdivided into three subsites, the supra-

glottis, glottis and subglottis.

o Supraglottis: epiglottis (suprahyoid and
infrahyoid), aryepiglottic folds, arytenoids and
false cords.

o+ Glottis: vocal cords, anterior and posterior
commissure.

» Subglottis: from below the vocal cords to the
bottom of the cricoid.



11: Management of cancer of the head and neck

Table 11.20 Nodal levels at risk for hypopharyngeal cancers

Node-negative neck

- Ipsilateral levels Il to Va and Vb

- Level Vlla (retropharyngeal)

- Contralateral levels Il to IVa

- Ipsilateral Ib — in patients with extralaryngeal disease

- Level VI - in patients with subglottic extension, apex of
pyriform sinus involvement, post cricoid extension and
upper oesophageal involvement

Table 11.21 Five-year relative survival of hypopharyngeal

cancers

Stage Hypopharynx (%)
I 53.0

Il 393

Il 36.0

1% 244

Adapted from AJCC, 2009.

The lymphatic drainage is to levels II and III cervical
lymph nodes.

Risk factors

The use of tobacco and alcohol are the commonest risk
factors.

Clinical presentation

A hoarse voice is the commonest symptom in patients
with glottic cancer and is often diagnosed at an early
stage. Other symptoms include:

« sore throat, odynophagia, difficulty in swallowing;
o difficulty in breathing and stridor;

o painless neck swelling.

Investigations and staging

Investigations are detailed in the earlier section. The
primary T staging for the subsites of larynx cancer
are detailed in Table 11.22 and nodal staging as in
Table 11.3. Patients are staged as in Table 11.4.

Histology

Squamous cell carcinoma is the commonest histology.
Other histological subtypes include adenocarcinoma,

Node-positive neck

- Ipsilateral levels Ib to Va and Vb

- Level Vlla (retropharyngeal)

- Contralateral level lls to IVa

- Ipsilateral Ib — in patients with extralaryngeal disease

- Level VI—in patients with subglottic extension, apex of
pyriform sinus involvement, post cricoid extension and
upper oesophageal involvement

- Other lymph node levels as per Table 11.8

neuroendocrine carcinoma, small cell carcinoma,
chondrosarcoma and lymphoma.

Treatment overview

The treatment of choice depends on stage, access to
surgery, local expertise and the ability to preserve the
larynx and maintain its function (airway, swallow-
ing and speech). Early-stage disease can be treated
either by surgery or radiotherapy alone as a single
modality resulting in similar local control and sur-
vival outcomes. The choice of modality is influenced
by location of the primary, access to surgical resec-
tion and functional outcome. Locally advanced dis-
ease is treated using a combined modality approach,
aiming to preserve laryngeal function. Patients not
suitable for larynx preservation are treated using
a combination of surgery followed by adjuvant
treatment.

Surgery

Early-stage (I and 1)

Surgery usually involves transoral laser resection in
supraglottic and glottic cancers. Open partial laryn-
gectomy/cordectomy is rarely considered in patients
with poor access to laser surgery. Neck nodes are
routinely treated in patients with supraglottic cancer
(selective neck dissection considered in NO patients),
but are observed in glottic cancer due to the low risk of
nodal metastasis.

Patients with recurrent/persistent disease follow-
ing radiotherapy usually require a salvage laryngec-
tomy, but in carefully selected cases with small-volume
disease, a larynx preservation approach of partial lar-
yngectomy may be considered.
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Table 11.22 T staging for subsites of larynx

Supraglottis
T1 Tumour limited to one subsite of supraglottis with normal vocal cord mobility
T2 Tumour invades the mucosa of more than one adjacent subsite of the supraglottis or glottis or the region outside

the supraglottis (mucosa of tongue base, vallecula, medial wall of pyriform sinus) without fixation of the larynx
T3 Tumour limited to the larynx with vocal cord fixation and/or invades any of the following: postcricoid area, pre-
epiglottic space, paraglottic space and/or the inner cortex of thyroid cartilage
T4a Moderately advanced local disease
Tumour invades through the thyroid cartilage and/or invades tissues beyond the larynx
(trachea, soft tissues of the neck including deep extrinsic muscle of the tongue, strap muscles, thyroid or

oesophagus)
T4b Very advanced local disease
Tumour invades prevertebral space, encases carotid artery or invades mediastinal structures
Glottis
T1 Tumour limited to the vocal cords (may involve anterior or posterior commissure) with normal mobility
T1a Tumour limited to one vocal cord
T1b Tumour involves both vocal cords
T2 Tumour extends to the supraglottis and/or subglottis and/or with impaired vocal cord mobility
T3 Tumour limited to the larynx with vocal cord fixation and/or invasion of paraglottic space, and/or the inner
cortex of the thyroid cartilage
T4a Moderately advanced local disease
Tumour invades through the outer cortex of the thyroid cartilage and/or invades tissues beyond the larynx
(trachea, soft tissues of the neck including deep extrinsic muscle of the tongue, strap muscles, thyroid, or
oesophagus)
T4b Very advanced local disease
Tumour invades the prevertebral space, encases the carotid artery, or invades the mediastinal structures
Subglottis
T1 Tumour limited to subglottis
T2 Tumour extends to vocal cords with normal or impaired mobility
T3 Tumour limited to larynx with vocal cord fixation
T4a Moderately advanced local disease
Tumour invades the cricoid or thyroid cartilage and/or invades tissues beyond the larynx
(trachea, soft tissues of the neck including deep extrinsic muscle of the tongue, strap muscles or oesophagus)
T4b Very advanced local disease

Tumour invades the prevertebral space, encases the carotid artery, or invades the mediastinal structures

Adapted from AJCC, 20009.

Salvage surgery following chemoradiotherapy for
locally advanced disease usually requires a total laryn-
gectomy with or without neck dissection.

Locally advanced stage (lll and 1V)

Surgery for patients with advanced-stage disease,
not suitable for larynx preservation, involves a total
laryngectomy and bilateral neck dissection. Patients . .
presenting with stridor usually require a tracheos- RadIOtherapy and SyStemlc therapy
tomy to maintain their airway. However, in selected  Early-stage (1and II)

cases the tumour can be debulked, thereby avoiding a

Primary radiotherapy is an alternative treatment
tracheostomy.

option for early-stage disease at all subsites and is the
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treatment of choice in patients with poor access to sur-
gery. Radiotherapy is usually delivered over 4 weeks
and neck nodes are selectively irradiated in supraglot-
tic cancers.

Patients with carcinoma in situ (CIS) of the glot-
tis may be offered radical radiotherapy when there is
persistence of symptoms and progression of clinical
abnormalities despite multiple biopsies failing to con-
firm invasive disease.

Locally advanced stage (Il and 1V)

The patients in this group are broadly classified into
those with minimal/no extralaryngeal disease with
useful laryngeal function and those with poor func-
tion and/or gross cartilage destruction and/or extra-
laryngeal disease. For patients in the latter group,
surgery (total laryngectomy and neck dissections) and
adjuvant radiotherapy or chemoradiotherapy should
be recommended. For the others, treatment options
include:

o concurrent chemoradiotherapy with the aim of
preserving the larynx and its function (Forastiere
etal.,2003);

o patients with large-volume disease (primary
and nodes) may benefit from neoadjuvant
chemotherapy with TPF followed by concurrent
chemoradiotherapy in selected patients (Pointreau
etal.,2009);

« radiotherapy alone in patients over the age of 70
or who are not suitable for concurrent systemic
therapy;

o radiotherapy with concurrent cetuximab in
patients with contraindications to systemic
chemotherapy.

Radiotherapy planning

Patients are immobilised and scanned as detailed
before. The general principles of outlining (definitive
and postoperative) as detailed before are followed. For
laryngeal tumours, CTV1 (Step 2) includes:

o the GTV is grown asymmetrically (1 cm in the
anterior, posterior, right and left and 2 cm in the
superior and inferior directions);

o the wholelarynx (the tip of the epiglottis to the
bottom of the cricoid or lower as dictated by the
lower extent of the tumour plus 1 cm below) is
included;

o a2-cmwide midline bolus (1-cm thick) anteriorly
is used when anterior commissure is involved.

Table 11.23 Nodal levels atrisk for laryngeal cancers

Node-negative neck Node-positive neck

- Bilateral levels Il to IVa

- lpsilateral b —in
patients with
extralaryngeal disease

- Level VI—in patients
with subglottic
extension, post
cricoid extension and
upper oesophageal
involvement

- Ipsilateral levels Ib to
VaandVb

- Contralateral levels Il to [Va

- Ipsilateral Ib — in patients
with extralaryngeal disease

- Level VI—in patients with
subglottic extension, post-
cricoid extension and upper
oesophageal involvement

- Other lymph node levels as
perTable 11.9

CTV2 (Step 3) for locally advanced stage disease
includes:

o allat-risk uninvolved lymph node levels as per
Table 11.23.

Prognosis

The five-year larynx preservation rate for locally
advanced stage III/IV disease following concurrent
chemoradiotherapy is 84%, neoadjuvant chemother-
apy and radiotherapy is 71% and following radiother-
apy alone is 66%.

The five-year relative survival by combined (clin-
ical and pathological) AJCC stage for squamous cell
carcinoma of the larynx and its subsites are shown in
Table 11.24.

Carcinoma of the paranasal sinuses
Introduction

Paranasal sinus malignancies are rare in the Western
world and affect less than 1 in 100,000 people each year
inthe UK (British Association of Otorhinolaryngology,
2011). They represent 3% of all head and neck cancers.

The majority of paranasal sinus tumours (approxi-
mately 60-70%) arise in the maxillary sinus, followed
by the nasal cavity, especially the lateral wall (20-30%)
and ethmoid sinuses (10-15%). Tumours of the frontal
and sphenoid sinuses are rare.

Anatomy
The boundaries of the maxillary sinus are:

 superior wall: floor of the orbit;
o inferior wall: the alveolar process of the maxilla;
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Table 11.24 Five-year relative survival for laryngeal cancer

Stage Larynx (%) Supraglottis (%)
| 84.3 59.1
I 66.0 59.7
Ml 52.1 528
IV 355 343

Adapted from AJCC, 2009.

Glottis (%)

89.8
740
55.7
444

Subglottis (%)
65.3
559
472
315

Table 11.25 Tstaging for maxillary sinus tumours and nasal cavity/ethmoid sinus tumours

Tumour causing bone erosion or destruction including extension into the hard palate and/or middle
Tumour invades any of the following: bone of posterior wall of maxillary sinus, subcutaneous tissues, floor

Moderately advanced local disease — tumour invades anterior orbital contents, skin of cheek, pterygoid

Maxillary sinus
T1 Tumour limited to maxillary sinus mucosa with no erosion or bone destruction
T2
nasal meatus, except extension to posterior wall of maxillary sinus and pterygoid plates
T3
or medial wall of orbit, pterygoid fossa, ethmoid sinus
T4a
plates, infratemporal fossa, cribriform plate, sphenoid or frontal sinus
T4b

Very advanced local disease — tumour invades any of the following: orbital apex, dura, brain, middle

cranial fossa, cranial nerves other than maxillary division of trigeminal nerve (V2), nasopharynx, clivus

Nasal cavity and ethmoid sinus tumours

Tumour invading two subsites in a single region or extending to involve an adjacent region within

Tumour extends to invade the medial wall or floor of the orbit, maxillary sinus, palate or cribriform plate
Moderately advanced local disease — tumour invades any of the following: anterior orbital contents, skin

of nose or cheek, minimal extension to anterior cranial fossa, pterygoid plates, sphenoid or frontal sinuses

T1 Tumour restricted to any one subsite, with or without bony invasion
T2
nasoethmoidal complex with or without bony invasion
T3
T4a
T4b

Very advanced local disease — tumour invades any of the following: orbital apex, dura, brain, middle

cranial fossa, cranial nerves other than maxillary division of trigeminal nerve (V2), nasopharynx, clivus

Adapted from AJCC, 2009.
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medial wall: the nasal cavity;

anterior wall: the anterior wall of the maxilla;
posterior wall: the pterygoid and
pterygopalatine fossa;

Ohngren’s line connects the medial canthus of
the eye to the angle of the mandible. This line

is used to divide the maxillary antrum into the
antero-inferior portion (which is associated with
earlier presentation and good prognosis) and the
supero-posterior portion (which is associated
with a worse prognosis due to early involvement
of adjacent critical structures including the orbit,
skull base, pterygoids and infratemporal fossa).

The lymphatic drainage of the sinuses is to the
retropharyngeal nodes, levels I and II. Regional
lymph node spread from cancer of paranasal sinuses
is relatively uncommon (less than 5%) with a higher
incidence in locally advanced maxillary tumours
(10-15%).

Risk factors

Risk factors include occupational exposures (leather,
textile, wood dust, and nickel dust), air pollution,
tobacco and viruses. Squamous cell carcinoma is asso-
ciated with nickel dust, and adenocarcinoma is associ-
ated with wood dust.
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Clinical presentation

Most patients with early stage disease are asymptom-
atic and patients typically present at a later stage, with
symptoms related to invasion of adjacent structures.
The symptoms include:

o nasal obstruction, anosmia, nasal discharge,
epistaxis;

o facial/cheek swelling;

o eye symptoms — diplopia, watering of eyes,
proptosis;

o painin face, numbness;

o non-healing ulcer in the oral cavity, loosening of
tooth, trismus.

Investigations and staging

Investigationsare detailed in an earlier section. Primary
T staging for maxillary sinus and nasal cavity/ethmoid
sinus is summarised in Table 11.25 and nodal staging
as in Table 11.3. Patients are staged as in Table 11.4.

Histology

Squamous cell carcinoma (SCC) is the commonest
malignant tumour type (50%). Others include adeno-
carcinoma (22%), mucosal melanoma, olfactory
eisthesioneuroblastoma (3%) and adenoid cystic car-
cinoma (10%) (Jegoux et al., 2013).

Maxillary sinus tumours are SCC in 75% of cases,
whereas ethmoid tumours are adenocarcinoma in 75%
of cases.

Treatment with surgery

Surgery remains the treatment of choice for early and
advanced-stage resectable disease followed by adju-
vant treatment (local radiotherapy with or without
chemotherapy) based on postoperative pathology.
Two-thirds of tumours present at a locally advanced
stage (T3-4) due to late presentation with non-specific
symptoms that are often ignored.

The extent of resection varies from wide local exci-
sion to primary reconstruction with free flap and/or
osseo-integrated implants for titanium prosthesis.
For maxillary sinus tumours, this varies from partial,
total or extended maxillectomy combined with orbital
exenteration (in patients with orbital involvement) and
reconstruction. Patients must be of good performance
status, have limited comorbidity and must be able to
manage with the functional and cosmetic alterations

that result from surgical resection. Endoscopic sur-
gery is currently being explored as an alternative to
standard surgical treatment of sinonasal tumours.

Ipsilateral selective neck dissection is recom-
mended for clinically node-negative advanced-stage
maxillary sinus tumours due to higher incidence of
occult metastasis.

Radiotherapy and systemic therapy

Radiotherapy with or without chemotherapy is an
alternative treatment option for patients with either
unresectable disease or in those who are unable to
undergo surgery due to comorbidities.

There are no randomised studies for the use of
chemotherapy; however, it has been incorporated in
the multimodality treatment of inoperable disease
both in the neoadjuvant setting and concurrently dur-
ing radiotherapy in patients with good performance
status. The reported outcomes are better for those
patients who responded to systemic therapy.

Radiotherapy planning

All patients for radiotherapy undergo pretreatment
evaluation and preparation for radiotherapy plan-
ning as described earlier in the chapter. The use of
mouth bite needs to be considered in patients with
maxillary sinus tumours to reduce the dose to the
oral tongue. The target volumes are outlined as
detailed before.

As well as GTV + 1 cm, the following should be
included in the high- or low-dose CTV, according to
risk of involvement and proximity to OARs.

« The whole maxillary antrum, bilateral ethmoid
sinuses and ipsilateral nasal cavity.

« Pterygopalatine fossa and masticator space in
maxillary sinus tumours.

o Sphenoid sinus when the ethmoid sinus is
involved.

o Entire orbit when there is gross orbital fat
involvement.

Radiotherapy is planned using the inverse plan-
ning technique, and may need a non co-planar beam
arrangement to reduce dose to critical structures.

Prognosis

Prognosis is poor and is determined by local control.
Survival is dependent on histology (78% for adeno-
carcinoma, 60% for squamous cell carcinoma), site
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Table 11.26 Five-year relative survival of paranasal sinus and
nasal cavity tumours

Stage Five-year relative survival (%)
1 63
2 61
3 50
4 36

Adapted from AJCC, 2009.

(62% for maxillary sinus, 48% for ethmoid sinus) and
stage (91% for T1,49% for T4) (Dulguerov et al., 2001).
Survival is extremely poor when there is involvement
of the orbit and/or brain.

The five-year relative survival by combined (clin-
ical and pathological) AJCC stage for sinonasal carcin-
omas of all histologies is shown in Table 11.26.

Carcinoma of the nose and nasal cavity
Introduction

Primary tumours of the nasal cavity are rare and
account for less than 3% of all tumours. They are more
common in males than females and are usually diag-
nosed in the sixth decade or later in life.

Anatomy

The nasal cavity is divided in the midline by the nasal

septum and has the following boundaries.

1. Superior wall: cribriform plate of ethmoid bone
and ethmoid sinus.

2. Inferior wall: hard palate.

3. Lateral wall: medial wall of maxillary sinus; it
includes the turbinates and nasolacrimal duct.

4. Anterior wall: external nose.

5. Posterior wall: nasopharynx and sphenoid sinus
(posterosuperiorly).

The lymphatic drainage of the nasal cavity includes lev-
els I and II. Regional lymph node spread from cancers
of the nasal cavity is relatively uncommon.

Risk factors

Tobacco smoke is the major risk factor followed by
occupational exposure (wood dust, glues and adhe-
sives). Squamous cell carcinoma is associated with
tobacco smoke, while adenocarcinoma is associated
with wood dust.
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Premalignant lesions such as inverted papillomas,
which usually arise in the nasal cavity, have a 2% risk of
malignant transformation. They can be easily mistaken
for well-differentiated SCC. They are locally aggressive
and carry a high risk of recurrence or residual disease
after treatment.

Clinical presentation

Most patients present with symptoms of nasal
obstruction, nasal discharge or epistaxis. Patients
with advanced disease with involvement of adjacent
structures may present with facial pain, numbness,
proptosis, diplopia, cranial nerve dysfunction and/or
palpable neck nodes.

Investigations and staging

Investigations are done as detailed in an earlier section.
The T stages for primary tumours of nasal cavity are
detailed in Table 11.25 and N stage as in Table 11.3. All
patients are staged as in Table 11.4.

Histology

SCC is the commonest histological type. Non-squamous
histologies include adenocarcinoma and its variants,
mucosal melanoma, olfactory neuroblastoma (Jegoux
etal.,2013).

Treatment overview

There are no randomised studies comparing treat-
ment modalities, and treatment recommendations are
based on single-centre series. Surgery plays a key role
in the treatment of these tumours at all stages. Locally
advanced-stage patients are managed with surgery and
radiation as there is a significant risk of local recur-
rence following surgery alone.

Surgery

The goal of surgery is to remove all visible tumours

with clear margins, while maintaining function and

cosmesis. Clear margins are not achievable in many

cases due to close proximity of vital structures.
Surgical techniques include:

+ widelocal excision for small tumours;

o lateral rhinotomy for larger tumours involving the
lateral wall and septum;

o total rhinectomy for tumours involving nasal
cartilage and or bone and prosthesis for
rehabilitation;
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o craniofacial resection and reconstruction for
tumours involving the skull base, and may include
total maxillectomy and or orbital exenteration
when involved;

« endoscopic resection followed by adjuvant
radiotherapy.

Patients with pathological nodes in the neck should
undergo modified radical neck dissection. A clinically
negative neck is monitored closely and is not treated
prophylactically because the risk of neck node involve-
ment is less than 10%.

Radiotherapy and systemic therapy

Primary radiotherapy with curative intent is an alter-
native treatment option for early-stage disease in
patients who refuse surgery or in patients not suitable
for surgery due to comorbidity. Adjuvant radiotherapy
also plays a key role in the curative treatment of nasal
cavity tumours following surgery.

Patients with unresectable disease are treated with
definitive radiotherapy alone or with the addition
of chemotherapy (neoadjuvant and concurrent) in
patients with squamous histology and good perform-
ance status.

Radiotherapy planning

All patients needing radiotherapy are immobilised,
scanned and the target volumes are delineated as
described earlier.

Prognosis

The prognosis for sinonasal carcinoma includes the
nasal cavity as in Table 11.26.

Carcinoma of salivary glands
Introduction

Salivary gland tumours are rare and represent only
3-7% of all head and neck cancers. Population-
based studies report 8-9 cases of malignant salivary
gland tumours per 1,000,000 (British Association of
Otorhinolaryngology, 2011).

o Ofsalivary gland tumours, 70% occur in
the parotid gland. However, less than half of
parotid gland tumours are malignant. Benign
diagnoses, such as pleomorphic adenomas and
Warthin’s tumour, are more common (Adelstein
etal.,2012).

Ten per cent of salivary gland tumours occur in
the submandibular glands, where approximately
50% of these tumours are malignant.

Less than one per cent of salivary gland tumours
occur in the sublingual glands.

The remaining 20% of salivary gland tumours arise
from the minor salivary glands and are generally
malignant.

Anatomy

Salivary glands are broadly classified into major and
minor salivary glands.

Major salivary glands - paired parotid,
submandibular and sublingual glands.

Minor salivary glands - found throughout the
lining membrane of the upper aerodigestive tract
with the highest concentration present on the hard
palate followed by the oral cavity.

Parotid gland

Consists of two lobes (superficial and deep)

separated by the facial nerve. The parotid

boundaries are:

o anterior — masseter,

o posterior — mastoid process,

o medial - styloid process,

o lateral - skin and subcutaneous tissue,

o superior - zygomatic arch,

« inferior - anteromedial border of
sternomastoid.

Most tumours of the parotid gland arise in the

superficial lobe. They can invade the facial nerve

causing facial nerve palsy and can extend into the

pterygopalatine fossa and lateral parapharyngeal

space to cause trismus.

Lymphatic drainage is to the preauricular and

intraparotid nodes, spreading subsequently to

the subparotid nodes or directly to level I nodes.

Submandibular gland

Consists of two lobes, a large superficial lobe,
lateral to mylohyoid, and a small deep lobe medial
to the mylohyoid separated by the posterior border
of the mylohyoid.

Tumours can invade the marginal branch of the
facial nerve, the lingual nerve and the hypoglossal
nerve, causing tongue weakness.
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o The submandibular gland drains to level Ib nodes
and then to level II nodes.

Sublingual gland

This is the smallest of the three glands and is situated
beneath the mucosa of the floor of mouth on either side
of the frenulum. The boundaries include:

o anterior - symphysis mentis,

o posterior — deep lobe of submandibular gland,

o superior - mucosa of floor of mouth,

« inferior - myolohyoid muscle,

« medial - genioglossus muscle,

o lateral - mandible.

Clinical presentation

Patients present with a painless lump over the parotid or
submandibular region with or without neck lumps. The
duration of the lump, pain, rapid growth, facial nerve
involvement and fixity suggest a malignant tumour.

Investigations and staging

Investigations are done as detailed in an earlier section.
Open biopsy of major salivary gland tumours is not
advisable because of a risk of tumour spillage and seed-
ing. Primary T staging is summarised in Table 11.27
and nodal staging is summarised in Table 11.3. All
patients are staged as in Tablel1. 4.

Histology

Salivary gland tumours constitute a wide range of
histological types which can be confirmed following
surgical resection. The commonest benign tumour is
pleomorphic adenoma. Mucoepidermoid carcinoma,
adenoid cystic carcinoma, adenocarcinoma, malig-
nant mixed tumours (or carcinoma-ex pleomorphic
adenoma) and acinic cell carcinomas are the most
common malignant histological subtypes. Adenoid
cystic carcinomas are slow-growing but have a high
incidence of perineural invasion. Primary squamous
cell carcinomas of the parotid gland are rare and have a
very poor prognosis. They are more likely to represent
ametastatic intraparotid lymph node from a squamous
cell carcinoma of skin.

Treatment overview

Surgery remains the treatment of choice for all salivary
gland tumours. Adjuvant treatment with radiotherapy
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Table 11.27 T staging of salivary gland tumours
T1 Tumour < 2 cm; without clinical or macroscopic
extraparenchymal extension

T2 Tumour > 2 cm to <4 cm without clinical or
macroscopic extraparenchymal extension

T3 Tumour >4 cm and/or having clinical or
macroscopic extraparenchymal extension

T4a  Moderately advanced disease: tumour invades
skin, mandible, ear canal and/or facial nerve

T4b  Veryadvanced disease: tumour invades skull base
and/or pterygoid plates and/or encases carotid
artery

Adapted from AJCC, 2000.

depends upon final histology. Primary non-surgical
treatment with radiotherapy alone is aimed at control
of symptoms and disease.

Surgery
The type of surgery depends upon the location and
extent of the tumour. Surgery involves either a superfi-
cial parotidectomy or total parotidectomy for tumours
arising in the parotid gland. The facial nerve is pre-
served where possible. Facial nerve involvement is
more likely with larger and higher-grade tumours and
with tumours involving both lobes.
A widelocal excision with the aim of achieving a clear
margin is done for tumours arising from other glands.
Modified radical or selective neck dissection is
done in the following situations:

o Clinical or radiological evidence of node
involvement.

+ Locallyadvanced tumours (tumours > 4 cm, T3/
T4 disease).

« High-grade tumours such as undifferentiated
carcinomas, high-grade mucoepidermoid
carcinoma, adenocarcinoma and malignant mixed
tumours (Armstrong et al., 1992).

Radiotherapy

Primary radiotherapy is an alternative treatment
in patients either with locally advanced, inoperable
tumours or where comorbidity precludes surgery to
improve symptoms and is aimed at control of disease.
Radiotherapy to the postoperative bed following
curative surgery hasbeen shown toimprovelocal control.
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Table 11.28 Five-year relative survival of salivary gland

tumours

Stage Five-year relative survival (%)
1 91

2 75

3 65

4 38

Adapted from AJCC, 2009.

Indications for adjuvant radiotherapy include the
following.

o Close or positive resection margins.

e Residual disease - microscopic or macroscopic.

o Positive nodes.

o High-grade histology - e.g. high-grade
mucoepidermoid, adenoid cystic carcinomas,
high-grade adenocarcinoma, malignant mixed
tumours, except in small T'1 tumours with clear
margins.

o Tumours >4 cm, T3/T4 disease, bone or nerve
involvement, skin involvement, perineural spread.

o Close proximity to the facial nerve where the
nerve has been preserved.

o Pleomorphic adenomas - with positive or close
margin and following excision of recurrent
tumours. It is important to weigh the risks of
radiotherapy, such as second malignancy in this
benign disease in young patients against the risk of
recurrence.

o Low-grade tumours - close and/or positive
margins.

Radiotherapy planning

Patients undergo planning CT scan with immobil-
isation as described earlier. Treatment volumes are
mostly unilateral and usually two clinical target vol-
umes (CTV1 - high dose; CTV2 - prophylactic dose)
are outlined.

CTV1includes:
« theentire parotid bed, triangular in shape on an

axial CT slice, which has the following borders:

o superior: zygomatic arch;

o inferior: the lower border of the hyoid;

o anterior: the anterior border of the masseter

to include the parotid duct;

o posterior: attachment of the pinna or
posterior to mastoid air cells;

o lateral: skin;

o medial: midline (or as a minimum 2 cm from
midline) to include the parapharyngeal space
and the deep lobe of the parotid.

o The following are additionally included in patients
with adenoid cystic carcinoma.

o Stylomastoid foramen for tumours in the
parotid gland.

« The lingual nerve up to the foramen ovale and
the marginal mandibular branch of the facial
nerve up to the stylomastoid foramen for
tumours in the submandibular gland.

CTV2includes:

o uninvolved at-risk nodal levels (levels III-Vb);
o other nodallevels as per Table 11.8.

Neck nodes are routinely treated in all high-grade
tumours and are not treated in low-grade or benign
tumours.

In patients with parotid tumours, the first echelon
nodal levels Ib, ITa, ITb and retropharyngeal nodes are
included in the high-dose volume due to close proxim-
ity to the parotid bed.

The beam arrangement in the forward plan-
ning technique typically includes an anterior and a
posterior oblique wedged beam. The beam angles
are chosen to avoid the contralateral parotid and
spinal cord.

Prognosis

The five-year relative survival by combined (clinical
and pathological) AJCC stage for major salivary glands
is shown in Table 11.28.

Squamous cell carcinoma (of neck
nodes) of unknown primary

Introduction

Among patients presenting with metastatic cervical
lymphadenopathy, there are few patients where a pri-
mary cannot be identified on detailed examination
and investigations, accounting for less than 5% of
head and neck cancers. Patients with isolated supra-
clavicular lymph nodes almost always have meta-
static disease, with the site of origin mostly below
clavicles.
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Clinical presentation

Patients usually present with persistent painless neck
swelling and/or associated symptoms of pain and a
rapid increase in size.

Investigations and staging

Evaluation includes:

o detailed history;

o clinical examination to identify potential primary
source for malignant spread to neck nodes, usually
in the oropharynx (tonsil and tongue base);

o flexible nasendoscopy to evaluate the nasal cavity,
nasopharynx, pharyngeal walls, tongue base,
larynx and hypopharynx;

o examination under anaesthesia, panendoscopy
and directed biopsies of:

« postnasal space,

o tongue base,

o hypopharynx,

o bilateral tonsillectomies;

o ultrasound of neck + FNAC or biopsy using a
cutting needle;

e CT scan of neck and thorax;

o MRI of craniofacial region;

o PET-CT scan should be done for patients who
are suitable for radical treatment when other
investigations have failed to reveal a primary
site and may ideally be performed before
panendoscopy to direct the biopsies.

A PET-CT scan identifies a primary in approxi-
mately 25% of patients.

There is no specific staging system for unknown
primary. However, in common with other defined
clinical groups in carcinoma of unknown primary,
the neck nodes are staged according to the scheme for
the most likely primary site. In this case the staging is
shown in Table 11.3.

Histology

The most common histology is squamous cell car-
cinoma with varying degrees of differentiation. The
diagnostic biopsy from the neck node should be
examined for pl6 immunohistochemistry and/or
HPV ISH and/or EBV testing to provide prognos-
tic information and to guide the identification of a
primary site.
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The majority of primary tumours identified in
patients with an unknown primary are in the orophar-
ynx (43% tonsil and 39% tongue base) and most of
them are p16-positive.

Treatment overview

The optimum treatment for this group of patients
remains uncertain. The aim of treatment remains
achieving regional control of neck disease and ensur-
ing that the primary cancer does not develop in poten-
tial sites of origin. The treatment options are as follows.

o Modified radical neck dissection followed by
adjuvant treatment to the neck depending upon
postoperative histology and/or prophylactic
treatment to potential primary sites.

o Primary radiotherapy alone in patients with
small-volume neck disease.

o Concurrent chemoradiotherapy.

Surgery

Surgery involves a modified radical neck dissection
which may be sufficient for a select group of patients
with pN1 disease, without pathological risk factors for
recurrence.

Patients with intermediate or high-risk (positive
margin and/or ECS) pathological features need adju-
vant treatment with radiotherapy or chemoradiother-
apy, respectively, to improve local control rates.

Radiotherapy and systemic therapy

Concurrent chemoradiotherapy is an alternative, with
surgery to neck reserved for residual neck nodes on
post-treatment scan.

Radiotherapy planning

Patients are immobilised and scanned as detailed

before. The general principles of outlining (definitive

and postoperative) as detailed before are followed.
CTV1 (Step 2) includes:

 involved nodal levels are included in the high dose
(primary or postoperative) CTV;

o theinclusion of potential primary sites in the
treatment volume varies both nationally within
the UK across different centres and internationally.
Most oncologists either include the entire
pharyngeal mucosa (total mucosal irradiation)
or mucosa of the ipsilateral pharyngeal wall
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and tongue base, excluding nasopharynx and
hypopharynx. The latter option is associated with
less long-term morbidity.

CTV2 (Step 3) includes:

o all at-risk uninvolved nodal levels (Ib-VDb);
o otherlymph node levels as per Table 11.9.

The doses are prescribed accordingly (defini-
tive or postoperative). However, the dose prescribed
to the pharyngeal mucosa may vary from a radical
dose to a prophylactic dose. There are no randomised
studies comparing the doses. Higher doses of greater
than 60 Gy are associated with significant long-term
swallowing impairment, and increasingly the dose
to the pharyngeal axis is now reduced to between 54
and 60 Gy, resulting in lower long-term morbidity
and comparable outcomes (Sher et al., 2011; Frank
etal.,2010).

Prognosis

The 5-year actuarial locoregional control and overall
survival from a small cohort are 94% and 89%, respect-
ively (Frank et al., 2010).

The use of radiotherapy in benign
conditions

Thyroid eye disease

Thyroid eye disease results from an autoimmune
response in which activated T cells invade the orbit
and stimulate the production of glycosaminoglycan in
fibroblasts.

The patient is treated with a single lateral field
angled 5° away from the lens or with half-beam
blocking, or using an anterior field with central-axis
beam-blocking. Dose: 20 Gy in 8-10 daily fractions, 5
fractions a week, using 4-6 MV photons.

Of patients treated in this way for thyroid eye dis-
ease, 75% report an improvement.

Surgery is indicated in the presence of rapidly
progressive optic neuropathy. Steroids are used as
an alternative to radiotherapy, but the benefits are
short-lived. There is a 10% incidence of cataracts found
in long-term follow-up studies. Its use is examined in
NICE Interventional Procedure Guidance 148, which
supports its use in patients for whom other treatments
areinadequate or associated with significant side effects.

The management of thyrotoxicosis is described on
page 526.

Macular degeneration

Age-related macular degeneration is a leading cause of
blindness in developed countries, affecting up to 28%
of patients over 75 years old. Proliferation of choroidal
vessels causes subretinal haemorrhages and retinal
detachment.

Consider giving the patient 15 Gy in 5 frac-
tions in one week using a unilateral 6-MV field with
half-beam blocking. Avoid the contralateral eye and
pituitary gland.

Visual acuity is improved or stabilised in 66% cases
at 12-month follow-up.

Initial trials are promising, but NICE Interventional
Procedure Guidance 49 concludes that there is insuffi-
cient evidence to offer outwith clinical trials.

Orbital pseudotumour

An orbital pseudotumour is a benign idiopathic orbital
inflammation causing periorbital swelling, decreased
orbital mobility and pain.

The recommended radiotherapy dose is 25 Gy in 12
fractions with 4-6 MV photons and half-beam blocking.

Control is achieved in 75% of cases.

CT scanning is helpful, but biopsy is required to
exclude lymphoma. Consider steroids first line, and
radiotherapy if it fails to respond.

Pterygium

Pterygium is a growth of fibrovascular tissue on the
cornea which can impare visual acuity.

Use a beta-emitting *Sr applicator. An energy of 2.2
MeV gives 50% at about 1 mm and 10% at 3.3 mm. The
recommended dose is 7 Gy a week for 3 fractions to
start within 24 hours of surgery.

Local recurrence rates vary from 3% to 16%
compared with 8% to 50% without postoperative
radiotherapy.

Radiation appears to reduce vascularisation at the
operative site and so decrease recurrence.
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