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Approximately 1 million people in the European Union die from malignant disease each year, rep-
resenting one in four of deaths from all causes. Over the last 30 years, the overall incidence of
cancer has increased by 25%, with a 15% increase in men and double that for women, although
during the last decade, the overall incidence has started to reach a plateau. Over the last 20 years,
the diagnosis of cancer at an earlier stage and advances in treatment and supportive care have led
to an ongoing fall in age-standardized mortality.

The management of cancer patients forms a significant part of the daily practice of doctors in
clinical specialities and general practice. This concise textbook has been written to give an insight
into the basic principles and practice of clinical oncology. With both general and site-specific chap-
ters, it provides a readily available source of information on the epidemiology, aetiology, pathology,
presentation, staging, management and prognosis of malignant disease. Recent advances and topi-
cal issues are covered. This book will be of interest and relevance to undergraduates in medicine,
junior doctors, nurses with an interest in oncology and other healthcare professionals who wish to
acquire a core of basic knowledge in this field. Case studies and MCQs will be used to reinforce
key points. The text of this fourth edition has been fully revised to reflect recent advances and
changes in practice in this field, the statistics updated and many new figures added to illustrate key
points.

Anthony J Neal & Peter J Hoskin

2009
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Pathogenesis is defined as ‘the manner of devel-
opment of a disease’. An understanding of the
causes of a given cancer is an integral part of for-
mulating strategies for successful treatment,
screening and prevention. We owe much of our
current understanding to epidemiologists who
have discovered associations between different
cancers and a number of genetic and environ-
mental factors. In many cases, these lead directly
to malignancy, e.g. smoking and lung cancer. The
causative factors can be divided into genetic,
chemical, physical and viral. It is becoming
increasingly clear that changes in the host
genome are the final common pathway in the
process of carcinogenesis whatever the initial
aetiology. However, for most patients with
cancer it is still not possible to identify why that
particular person developed cancer. Some of the
examples cited are for historical interest only.

GENETIC FACTORS

The 23 pairs of human chromosomes contain
the genetic material of the cell made up of
unique sequences of deoxyribonucleic acid
(DNA) base pairs, which code for the amino

acid building blocks of proteins responsible for
all the basic metabolic processes that enable the
individual cells to survive, reproduce and
express properties characteristic of their tissue
of origin. Subtle changes in the genes compris-
ing the chromosome may lead to a malignant
tumour characterized by loss of the normal cel-
lular mechanisms responsible for control of
proliferation, cell differentiation, programmed
cell death (apoptosis), cellular organization and
cellular adhesion. The uncoupling of the usual
balance between cell loss and multiplication
leads to growth of the tumour and its subse-
quent invasion both locally and at distant sites.
Over the last two decades, the field of molec-
ular biology has made great progress in eluci-
dating the likely mechanisms of carcinogenesis.
Much of this is due to the development of tech-
niques for the isolation and identification of
genetic material, such as the polymerase chain
reaction and gel electrophoresis. It is becoming
apparent that genetic aberrations can be found
in the majority of human cancers. The site of
the responsible genes can be inferred by ‘link-
age studies’ on individual members of families
in which there is an inherited pattern of cancer
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incidence. The known positions of marker genes
are used to deduce where the cancer gene lies
along a given chromosome. The gene can then
be sequenced, cloned and used to test patients
thought to harbour the gene.

Factors suggesting a genetic predisposition to
cancer include:

family clustering of a specific type(s) of
cancer

cases occurring in very young individuals
relative to the age distribution of that
cancer within the rest of the population
associations noted between different
tumour types

multiplicity of cancers, e.g. bilaterality.

The genetic aberrations associated with
cancer can be classified according to whether
they are associated with activated oncogenes or
tumour-suppressor genes.

Activated oncogenes

These are genes which, when expressed, code
for a protein that in some way is related to the
proliferative cycle of cells or cell differentiation.
These products may be growth factors, growth
factor receptors on the cell surface or the chem-
icals that transmit the receptor signals from the
cytoplasm to the nucleus. These oncogenes are
well preserved throughout the evolutionary
scale, remaining very similar right down to
primitive organisms such as yeasts. Their over-
expression or amplification leads to uncoupling
of the usual cell loss/gain equilibrium in favour
of cell multiplication, resulting in an increase in
cell numbers and ultimately a clinically appar-
ent tumour. They are activated during the
intense cell proliferation and differentiation of
embryogenesis but, in the mature cells, are sup-
pressed by regulating genes at other points
along the chromosome. DNA strand breaks (e.g.
from ionizing radiation or chemical carcino-
gens) with aberrant repair or translocations of
genetic material might lead to loss of the genes
responsible for regulation of a given oncogene.
This may in turn lead to its activation.

The best characterized example is that of the
Philadelphia chromosome of chronic myeloid

leukaemia, which is confined to the malignant
clone and can be identified in 95 per cent of
patients with the disease. There is a transloca-
tion of part of chromosome 9 to chromosome
22 and vice versa, placing the abl oncogene
from chromosome 9 adjacent to the breakpoint
cluster region (bcr) on chromosome 22. The
fusion of these genes leads to the transcription
of a protein with tyrosine kinase activity, which
leads to leukaemic transformation by increasing
lymphocyte proliferation.

Tumour-suppressor genes

Each cell has one of a pair of tumour-suppressor
genes on each homologous chromosome, and
both must be inactivated for the cancer to
develop. This means that individuals from a
‘cancer family’ with only a single gene inherited
owing to a ‘germ line’ mutation have a normal
phenotype, act as a carriers, but will develop
cancer if the second gene is lost owing to a
somatic mutation or other form of genetic mis-
coding. Normal individuals must lose both genes
by a somatic mutation for a sporadic cancer to
develop. Thus tumour-suppressor genes cause
cancer not by amplification or overexpression (as
with oncogenes) but by loss of their function.

The best known example of a tumour
suppressor gene is the P53 gene, which has been
called ‘the guardian of the genome’ and is found
to be mutated in the majority of sporadic can-
cers. It is also mutated in Li-Fraumeni syndrome,
characterized by cancers of the breast, adrenal
glands, leukaemia, gliomas and soft tissue sarco-
mas. This gene is involved in inducing cell cycle
arrest, which allows cells with DNA damage to
repair these mutations before entering mitosis.
Mutation of P53 therefore makes the cell sus-
ceptible to carcinogenic mutations. Other exam-
ples include the retinoblastoma gene which is
located on chromosome 13, breast cancer sus-
ceptibility genes BRCAI (chromosome 17) and
BRCA2 (chromosome 13), the Wilms’ tumour
gene on chromosome 11, and the familial poly-
posis coli gene on chromosome 5.

Some examples of inherited diseases associ-
ated with the development of cancer are listed
in Table 1.1.
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TABLE 1.1 Inherited diseases associated with the development of cancer

Disease

Type of cancer

Autosomal dominant

Familial adenomatous polyposis

Peutz-Jeghers syndrome

Gardener’s syndrome

Multiple endocrine neoplasia types
1 and 2 (see Chapter 14)

von Recklinghausen’s disease

Palmar/plantar tylosis

Cowden’s disease

Gorlin’s syndrome

von Hippel-Lindau disease

Autosomal recessive
Albinism

Xeroderma pigmentosum
Ataxia telangiectasia
Fanconi anaemia
Wiskott-Aldrich syndrome
Bloom’s syndrome

Chromosomal disorders
Down’s syndrome (trisomy 21)
Turner’s syndrome (X0)

Adenoma/carcinoma of the colon/rectum
Adenoma/carcinoma of the colon/rectum
Adenoma/carcinoma of the colon/rectum
Endocrinologically active adenomata

Neurofibromas, schwannoma, phaeochromocytoma
Carcinoma of the oesophagus

Colorectal cancer, breast cancer

Basal cell carcinoma of skin, medulloblastoma
Cerebellar haemangioblastoma, hypernephroma

Melanoma, basal cell and squamous cell carcinomas of the skin
Melanoma, basal cell and squamous cell carcinomas of the skin
Acute leukaemia
Acute leukaemia
Acute leukaemia
Acute leukaemia

Acute leukaemia
Dysgerminoma

CHEMICAL FACTORS

Cigarette smoking

Cigarette smoking is the single most important
cause of preventable death in the UK. It
accounts for around a quarter of all deaths from
cancer, and 90 per cent of deaths from lung
cancer. Polycyclic aromatic hydrocarbons in the
tar (e.g. benzpyrene) rather than the nicotine
are carcinogenic. Smoking is strongly associated
with carcinomas of the lung (squamous and
small cell variants), oral cavity, larynx, bladder
and pancreas.

Asbestos

A history of asbestos exposure is usually elicited
from dockers, plumbers, builders and engineers,
and is associated with carcinomas of the lung, and
mesotheliomas of the pleura and peritoneum.
The blue variant is particularly carcinogenic.

Products of the rubber and aniline
dye industry

Both beta naphthylamine and azo dyes are car-
cinogenic. These substances and their products
are excreted in the urine, and cause cancers of
the renal pelves, ureters and bladder.

Wood dust

Inhalation of hardwood dusts has been associ-
ated with adenocarcinoma of the nasal sinuses,
first described in workers in the furniture facto-
ries of High Wycombe.

Soot

Before the advent of vacuum machines for
cleaning chimneys, there was an increased risk
of carcinoma of the scrotum in chimney sweeps
from trapping of soot in the rugosity of the
scrotal skin and poor personal hygiene.
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Tar/bitumen

As with cigarette smoke, polycyclic aromatic
hydrocarbons may lead to cancer of exposed skin.

Mineral oils

An increased risk of skin cancer was noted in
workers using spinning mules from exposure to
lubricating oils.

Chromates, nickel

These are associated with the development of
lung cancer.

Arsenic

Its use as a ‘tonic’ during the early twentieth
century led to multiple basal and squamous cell
carcinomas of the skin. It has also been associ-
ated with lung cancer.

Aflatoxin

This is a product of the fungus Aspergillus flavus,
which is a contaminant of poorly stored cereals
and nuts, and causes hepatocellular carcinoma.

Nitrosamines

These are products of the action of intestinal
bacteria on nitrogenous compounds in ingested
food and have been implicated in stomach
cancer.

Vinyl chloride monomer

Industrial exposure has led to angiosarcomas of
the liver and cerebral gliomas.

Alkylating chemotherapy agents

The addition of alkyl groups to the DNA
double helix drastically changes its configura-
tion and leads to difficulty when the cell under-
goes mitosis or meiosis, ultimately leading to
loss and distortion of the genome. Prior use of
these agents in the chemotherapy of lymphoma
has led to an increased risk of acute myeloid
leukaemia in long-term survivors.

PHYSICAL FACTORS

Physical factors can cause direct damage of the
genome, such as DNA strand breaks or point
mutations, both of which may lead to an aberra-
tion either of the gene sequence or of the genes
themselves. This is a phenomenon of everyday
life and the changes are either repaired by cellu-
lar protection mechanisms or are so severe that
the cell perishes and does not multiply. However,
if the effects are such that these mechanisms for
repair are overloaded, the cell may divide and
the genetic error expresses itself, possibly leading
to a cell with a malignant phenotype. As the skin
and mucosal surfaces are exposed to the external
environment, it is these that are most prone to
physical carcinogenic influences.

Solar radiation

Excessive ultraviolet exposure in normal indi-
viduals or minimal amounts in susceptible indi-
viduals (e.g. albinos, xeroderma pigmentosum)
can lead to melanoma, basal cell carcinoma and
squamous carcinoma (Fig. 1.1).

Figure 1.1 This young girl has xeroderma pigmentosum.
She has developed multiple facial solar keratoses and
both pigmented and non-pigmented skin cancers owing
to ultraviolet radiation.
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Heat

Several categories of exposure can be identified
and implicated in carcinogenesis:

Excessive background radiation Radon gas is
colourless and odourless, being a daughter
product from the radioactive decay of ura-
nium in the Earth’s crust, particularly in
granite-rich areas. It seeps into homes and
reaches its highest level during winter
when ventilation of dwellings is at its min-
imum. When inhaled, solid (o particle
emitting) daughter products can be
deposited on the bronchial epithelium
leading eventually to lung cancer. Uranium
miners are at particular risk, and many
have died of lung cancer in Eastern Europe
and Germany. Japanese atomic bomb sur-
vivors have an increased incidence of a
number of solid tumours, particularly
breast cancer, and radioiodine exposure
from atomic bomb test fallout has caused
thyroid cancer. Radium ingested by watch
dial painters has led to bone sarcomas
owing to concentration of the element in
the skeleton.

Excessive diagnostic radiology exposure There
was an increased risk of carcinoma of the
breast in a cohort of women who had many
chest fluoroscopies to monitor iatrogenic
pneumothoraces. The use of thorotrast
(containing thorium, which has similar
properties to radium) as a contrast agent
led to tumours of the hepatobiliary tract
and nasal sinuses.

Therapeutic radiation There is an increased
incidence of papillary carcinoma of the
thyroid after thyroid irradiation for benign
disease. Soft tissue sarcomas may arise at
the edge of a previously irradiated area
and skin carcinomas in previously irradi-
ated skin. Breast irradiation for postpar-
tum mastitis has caused breast cancer,
although in the modern era the use of
mantle radiotherapy in the treatment of
Hodgkin’s lymphoma during young adult
life has led to a substantial ongoing risk of
breast cancer.

Carcinomas of the skin have been described in
chronic burn scars and the skin of Indians who
wear heating lamps against their skin for
warmth. Clay pipe smokers are at risk of carci-
noma of the lip.

Chronic trauma/inflammation

Carcinomas can arise at sites of chronic
skin/mucosal damage (e.g. the tongue adjacent
to sharp teeth or a syphilitic lesion), at the site
of a sinus from chronic osteomyelitis or inflam-
matory bowel disease, chronic venous (Mar-
jolin’s) ulcer on the lower limb (Fig. 1.2), or
colonic carcinoma after chronic ulcerative coli-
tis. Calculi and the associated infection may
predispose to carcinomas of the urinary and
hepatobiliary tracts. Skin cancers can arise in
scarring from a previous burn (Fig. 1.3), and
lung scars from previous tuberculosis may lead
to adenocarcinoma.

VIRAL FACTORS

Viruses reproduce by integrating their own
genes with those of the infected host, and in
doing so the gene sequence of host chromo-
somes is adjusted. This may in turn lead to
deregulation of oncogenes or inactivation of
tumour-suppressor genes, ultimately resulting
in malignant transformation. Evidence suggest-
ing that a viral infection might have led to a
tumour includes:

geographical and community case clustering
serological evidence of infection
visualization of viral particles in the tumour
cells, or

identification of viral genome in the
tumour DNA.

General observations include the following:

The prevalence of infection is always much
higher than the incidence of the associated
tumour.
Additional factors (e.g. genetic, immune)
must be operative for malignant transfor-
mation.
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Figure 1.2 A large venous skin ulcer had been present for many years on the medial malleolus of the ankle. More
recently it had enlarged and become irregular in shape with everted margins. Biopsy confirmed the clinical diagnosis

of squamous carcinoma. (a) Frontal view. (b) Lateral view.

There is usually a long latent period between
infection and presentation with cancer.

Some specific viruses related to cancer
include the following:

Hepatitis B virus

There is a high lifetime incidence (up to 100
times) of hepatoma in parts of Africa where
hepatitis B is endemic and there are many
chronic carriers of the virus.

Epstein-Barr virus (EBV)

There is very strong evidence that this is the
causative agent of undifferentiated nasopharyn-
geal carcinoma in South-East Asia, B-cell lym-
phomas in the immunosuppressed and Burkitt's
lymphoma in Africa. There is also evidence
linking it with Hodgkin's disease.

Human papilloma virus (HPV)

The potential for HPV to cause cancer is most
frequently expressed as the development of
benign papillomas (warts) on the genitalia. It
is generally considered to be sexually trans-
mitted, infection risk being related to the
number of sexual partners and sexual prac-
tices such as oral sex. HPV types 6 and 11 are
low risk for malignant change. HPV types 16
and 18 are higher risk and account for 70 per
cent of cervical cancers. HPV infection is also
implicated in the genesis of cancers of the oral
cavity, oropharynx, and cancers of the vulva
and anal canal. It is believed that the virus
produces two oncoproteins, E6 and E7, and
these inactivate the P53 tumour-suppressor
gene leading to cancer induction. Routine vac-
cination against HPV will undoubtedly
impact on the incidence of such cancers in the
future.



Endocrine factors

Figure 1.3 This woman had sustained burns to the skin
above the lateral malleolus of the ankle 10 years earlier.
She then developed nodularity and ulceration within the
scar. Biopsy confirmed squamous carcinoma.

Human T-cell lymphotrophic virus
type 1 (HTLV-1)

This is a retrovirus related to the human
immunodeficiency virus (HIV, HTLV-3). It
causes adult T-cell leukaemia-lymphoma in the
endemic regions of Japan and the Caribbean
where more than 95 per cent of cases have pos-
itive viral serology.

Human herpes virus type 8

This is the causative agent in HIV-associated
Kaposi’s sarcoma, primary effusion lymphoma
and variants of multicentric Castleman’s disease.

IMMUNE FACTORS

There is evidence that the body’s immunosur-
veillance system mediated by T cells is capable

of mounting an immune response to tumour
cells. This is manifested as a lymphocytic infil-
trate in tumours such as seminoma and
melanoma, which correlates with a favourable
prognosis, the phenomenon of spontaneous
regression in hypernephroma and melanoma,
and the objective responses seen when the T-
cell population is boosted by cytokines such as
interleukin 2 and interferon. There is evidence
that immunosuppression leads to development
of some forms of cancer, some of which are
mediated by viruses.

Acquired immune deficiency
syndrome (AIDS)

Up to 40 per cent of patients with AIDS will
ultimately develop some form of malignant dis-
ease (see Chapter 20).

Drug induced immunosuppression

Transplant recipients receiving steroids and aza-
thioprine or cyclosporin have an increased inci-
dence of Kaposi's sarcoma, non-Hodgkin's
lymphoma and skin cancer.

ENDOCRINE FACTORS

Many cells have receptors for hormones on their
surface, within their cytoplasm and nucleus.
Overstimulation of these receptors by endoge-
nous or exogenous hormones can lead to exces-
sive cell proliferation, usually resulting in an
adenomatous change but sometimes malignancy.

Excessive endogenous steroids (e.g. from a
granulosa cell tumour of the ovary) or long-
term exogenous oestrogens (e.g. high-dose
oestrogen-only oral contraceptive or hormone
replacement therapy) can predispose to hyper-
plasia of the endometrium, which may progress
to a well-differentiated adenocarcinoma. Simi-
larly, excess physiological secretion of hor-
mones can lead to hyperplasia, adenomatous
change and eventually malignant transforma-
tion. For example, chronic severe iodine defi-
ciency leads to a rise in thyroid-stimulating
hormone (TSH), leading to goitre and in some
cases follicular carcinoma.
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UNDERSTANDING THE
CAUSE OF CANCER - THE
CONTRIBUTION TO
PATIENT CARE

Identification of the aetiological agents respon-
sible for cancers is vital for identifying individu-
als at high risk. Avoiding exposure of employees
to industrial carcinogens either by the issue of
protective clothing or restricted access is a vital
part of health and safety practice to prevent
cancers. Similarly, screening of high-risk asymp-
tomatic individuals might be indicated, e.g. reg-
ular urine cytology in rubber workers at risk of
bladder cancer. Identification of cancer patients
in whom industrial exposure to a carcinogen is
implicated will entitle the patient to industrial
injuries compensation.

Understanding the cause of cancer also forms
the backbone of more general health education
programmes aimed at reducing tobacco con-
sumption and exposure to excessive ultraviolet
irradiation.

Molecular biology has already given us a par-
ticularly valuable insight into the mechanisms
of carcinogenesis. Specific applications include:

risk factor determination
genetic counselling
therapy

screening

prevention.

The ultimate goal of such research must be to
give a greater understanding of cancer and ulti-

. ‘\-

mately facilitate more effective cancer therapies.
The identification of precise genetic abnormali-
ties may in turn make it possible to insert the
appropriate genetic code into the genome (e.g.
to replace a missing tumour-suppressor gene) or
inactivate/downregulate an overexpressed onco-
gene, thereby reversing the cellular processes
underlying the malignant phenotype.

Examples of such translational research
include the development of the monoclonal
antibodies such as trastuzumab (Herceptin®),
which is a very active treatment in women with
breast cancer who overexpress a receptor of the
epidermal growth factor family, HER2 (see
Chapter 8).

The antibody imatinib (Glivec®) is another
example of rational drug design. It is highly
active for blast-phase chronic myeloid
leukaemia, as the tyrosine kinase protein it tar-
gets is BCR-ABL, produced by the Philadelphia
chromosome (see above). Similarly, the recogni-
tion of gastrointestinal stromal tumours (GISTs)
and their overexpression of c-kit has led to an
effective therapeutic option with imatinib, in a
tumour that was previously unresponsive to
conventional treatments (see Chapter 9).

FURTHER READING

Eeles RA, Easton D. Genetic Predisposition to Cancer:
Arnold, London, 2004.

Mendelsohn J, Howley PM, Israel MA et al. The
Molecular Basis of Cancer. Saunders, London, 2008.

Ruddon RW. Cancer Biology. Oxford University Press,
Oxford, 2007.




Self-assessment questions

SELF-ASSESSMENT QUESTIONS

1. Which three of the following suggest a
familial cancer?
Other affected first degree relatives
. Cancer of the female genital tract
Young age at diagnosis
. Cytogenetic abnormalities in the
tumour
Follicular carcinoma of the thyroid
Presentation with metastatic disease
g. Bilaterality

an o
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2. Which one of the following statements is

not true about tumour suppressor genes?

a. They prevent the development of
cancer

b. Mutations can be identified in most
cases of cancer

c. P53 is a tumour-suppressor gene

d. BRCAI is a tumour-suppressor gene

e. Mutation analysis is clinically useful
even if cancer has already developed

3. Which three of the following are cancers

that can be caused by exposure to ionizing
radiation?

Pancreatic cancer

Breast cancer

Gallbladder cancer

. Parathyroid cancer

Papillary carcinoma of the thyroid
Kidney cancer

Lung cancer

@ Mmoo N oe

. Which one of the following is not a form

of cancer associated with viral infection?
a. Nasopharyngeal cancer

b. Hepatocellular cancer

c. Adult T-cell leukaemia-lymphoma

d. Non-Hodgkin’s lymphoma

e. Kidney cancer

9
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Diagnosis and staging are vital for determining
the optimum management of a patient with
cancer.

SECURING A TISSUE
DIAGNOSIS

Cancer treatment usually involves major proce-
dures with significant toxicity and the diagnosis
of cancer has profound psychological, social and
physical consequences for the patient. It is
therefore mandatory to be certain of the diag-
nosis before informing the patient or starting
therapy. This may entail a simple biopsy or a
more invasive procedure such as a laparotomy
or craniotomy. As a rule of thumb, the least
invasive means of obtaining tissue should be
employed. However, occasionally, several
attempts at obtaining tissue from an ill-defined
and poorly accessible tumour prove unsuccess-
ful or the patient may be unfit to undergo an
essential procedure by virtue of age or general
condition. Under these circumstances, clinical
judgement and common sense must prevail.
Clearly it would be inappropriate to investigate
exhaustively an elderly and infirm person with
an extensive asymptomatic brain tumour or
widespread metastatic disease if no treatment

or change in management would be considered.
Specific methods of obtaining tumour tissue
include the following techniques.

Cytology of bodily fluids

A small specimen of body fluid (e.g. sputum,
ascitic fluid, pleural fluid, urine, cerebrospinal
fluid) may be spun down and the cells in it
stained and examined under the microscope
within minutes of its collection. An experi-
enced cytologist can then give an immediate
and accurate diagnosis. The false positive rate is
very low, although false negatives occur owing
to errors in interpretation or sampling. This
analysis has the advantage that the specimen
can often be collected as an outpatient proce-
dure with minimal discomfort and it gives a
result quickly so that treatment can start as
soon as possible. Of course the cellular material
obtained may be insufficient for immunohisto-
chemical analysis unless a centrifuge is used to
produce a cellular pellet, which can be fixed in
wax and sectioned/stained in the usual way.

Cytology of tissue scrapings

Superficial cells are removed from a body sur-
face (e.g. skin, vagina, cervix, bronchial mucosa,



oesophageal mucosa) by scraping or brushing,
before being stained and examined under the
microscope. The advantages and limitations are
the same as for fluid cytology.

Fine needle aspiration (FNA)

This entails the passage of a fine-gauge hypo-
dermic needle into a suspected tumour. Ultra-
sound or CT guidance may be necessary for
deep-seated tumours that cannot be palpated,
such as those at the lung apex or retroperi-
toneum. Cells are aspirated, smeared onto a
microscope slide and sent to a cytologist. This
method is particularly useful for discriminating
between reactive and malignant lymph-
adenopathy and for assessing breast lumps. The
advantages and disadvantages are comparable to
those cited above for fluid cytology. If the
needle washings are very cellular, a centrifuge
can be used to produce a pellet for fixation,
sectioning and staining as for a piece of tissue.

Needle biopsy

This is more invasive than FNA. A core of tissue
is taken with a biopsy needle (e.g. Trucut®)
under local anaesthetic and the specimen is sec-
tioned after mounting and fixing in wax, which
means that the result will not be available for
several days after collection. The larger speci-
men makes a false negative result less likely.
Tumour grading and architectural subtyping
will be possible within the constraints of the
sample. This is particularly the case for lym-
phoma which is not diagnosed effectively by
cytology alone, and indeed excision biopsy of a
suspicious lymph node is preferable. It is also
possible to distinguish in situ malignant change
from invasive. More extensive immunohisto-
chemical analysis will be possible from the
larger specimen left after standard staining has
been undertaken.

Incision biopsy

A small ellipse of tissue is taken from the edge
of the tumour using a small scalpel under local
anaesthetic. A punch biopsy instrument can be
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used instead of a scalpel to obtain a core of
tissue, but this is more traumatic.

Excision biopsy

The tumour is excised in toto with a narrow
margin of normal tissue. Unlike the other inves-
tigations, this has the advantage of removing
the lesion, which may be curative for benign
tumours and certain skin malignancies if the
microscopic margins are clear. It can, however,
make further management difficult if the origi-
nal boundaries of the tumour are not apparent
after excision.

PRINCIPLES OF CANCER
STAGING

Once the diagnosis has been confirmed, the
stage of the cancer, which defines the size and
extent of the tumour, must be ascertained.
Staging has several purposes:

It defines the locoregional and distant
extent of disease.

It helps to determine the optimum treat-
ment.

It permits a baseline against which response
to treatment can be assessed.

It provides prognostic information.

Staging entails a detailed assessment as to the
local extent of the tumour and whether there is
evidence of spread elsewhere, e.g. regional lym-
phatics, distant metastases. This will in turn
help the referring specialist and oncologist to
decide on the most appropriate therapy. For
example, a patient with distant metastases is
unlikely to be a candidate for aggressive surgery
to remove the primary tumour but may be a
candidate for systemic treatment such as
chemotherapy. Alternatively, the detection of
lymph node metastases alone may indicate to
the surgeon that excision of the primary
tumour should be combined with a lymph node
dissection and/or systemic adjuvant therapy.
Detailed surgical staging is also valuable to the
radiotherapist in deciding the volume of tissue
to be irradiated.
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Staging permits assessment of the response to
treatment. A thorough assessment of the
tumour dimensions prior to therapy will permit
a critical evaluation of the response to treat-
ment at a later date. Accurate measurements in
two planes perpendicular to each other can be
used as a crude measure of tumour size before,
during and after therapy.

Staging provides a guide to the likely progno-
sis. In most cancers, the ultimate outcome and
therefore life expectancy is related to the stage.
Patients with metastatic disease at presentation
will clearly fare worse than patients with dis-
ease localized to the site of origin. The only
tumours that are potentially curable when
distant metastases are present are seminoma,
teratoma, choriocarcinoma, lymphoma and
leukaemia.

Staging may be clinical, based on the clini-
cian’s history and examination; non-clinical,
comprising blood tests and radiological studies;
or pathological, based on the surgical specimen.

History

A thorough and systematic history can reveal
symptoms that may suggest the need for spe-
cific staging investigations or a certain disease
stage. For example, systemic symptoms such as
weight loss, anorexia, malaise and fever raise the
suspicion of metastatic disease. Specific symp-
toms at a site away from the primary tumour
may also cause suspicion of distant metastases,
e.g. skeletal pain, early morning headache,
haemoptysis, hepatic pain.

Examination

A full physical examination should be per-
formed in all cases. The primary tumour’s size,
shape, position and mobility should be
recorded, preferably with a diagram. The
regional lymph nodes should be carefully pal-
pated — involved nodes are enlarged, usually
non-tender and hard, and may be fixed to each
other, the overlying skin or underlying tissues.
The sclerae should be examined for jaundice
and the abdomen palpated for hepatomegaly in
which the liver is typically hard and knobbly.

The chest is examined for signs of collapse, con-
solidation or effusion. The skin should be sur-
veyed for any abnormal appearances, which
may be biopsied if suspicious. A detailed neuro-
logical examination should be performed to
exclude focal or global neurological deficit, and
the fundi examined to exclude papilloedema.
Tenderness over sites of bone pain is suspicious
and should be followed up by appropriate
X-rays.

Investigations

A knowledge of the patterns of spread of
tumours will aid the selection of staging inves-
tigations. All patients should have a full blood
count, liver function tests, calcium and alka-
line phosphatase levels taken. The interpreta-
tion of deranged values is outlined in Table
2.1. Measurement of the erythrocyte sedi-
mentation rate (ESR) is useful in lymphoma
and myeloma. A chest X-ray should be
obtained in all cases to exclude obvious pul-
monary metastases, with equivocal cases pro-
ceeding to a CT scan of the thorax. In the case
of bone/soft tissue sarcomas, a CT scan of the
thorax is justified at the outset, as this will be
more sensitive and, if positive, may spare the
patient major surgery. Other investigations
may be indicated depending on site and
nature of the malignant disease:

plain X-rays

liver ultrasound

isotope bone scan

CT/MRI

positron emission tomography

other specialized investigations, e.g. bone
marrow trephine, lumbar puncture

tumour marker assays.

Plain X-rays

Plain X-rays of the skeleton should be taken at
sites of any unexplained bone pain, particularly
if affecting a long bone as these are prone to
pathological fracture (Fig. 2.1), which may be
prevented if the metastasis is detected early. A
skeletal survey comprising views of the skull,
thoracic spine, lumbar spine and pelvis is indi-
cated in suspected myeloma, as an isotope bone




TABLE 2.1 Interpretation of abnormal screening blood tests
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Test result

Interpretation

Normochromic normocytic anaemia

Leucoerythroblastic anaemia

Thrombocytopenia

Elevated alkaline phosphatase with normal
v-glutamyltransferase

Elevated alkaline phosphatase and
v-glutamyltransferase + elevated bilirubin

Suggests possibility of advanced cancer

Suggests heavy bone marrow infiltration

Suggests heavy bone marrow infiltration or DIC

Suggests possible bone metastases + elevated
calcium

Suggests possible liver metastases

scan may be insensitive for this condition owing
to lack of an osteoblastic response in the
involved and surrounding bone (see below).

Ultrasound

It is sensitive, specific, non-invasive and can be
performed at short notice but is no substitute
for high-quality cross-sectional imaging. It is to
some extent subjective and the final hard copies
can be difficult for the non-radiologist to inter-

pret and utilize. Liver ultrasonography can be
used for rapid staging of cancer, particularly gas-
trointestinal malignancies, as these preferen-
tially metastasize to the liver via the portal
circulation. Transoesophageal ultrasonography
can be of help in staging oesophageal cancers
and tumours arising in the trachea and proximal
bronchial tree. Transvaginal ultrasonography
may be of value in staging malignancies of the
lower female genital tract.

Figure 2.1 Plain radiographs of the humerus in a patient with lung cancer and a painful arm. (a) Lytic metastasis in the
mid-shaft. This was noted by the radiologist but no prophylactic treatment was undertaken. (b) Subsequent

pathological fracture at the same site.
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Isotope bone scan

This is a useful way of imaging the whole skele-
ton. It is routinely performed as part of the
staging of prostate cancer and breast cancer,
which have a propensity for early dissemination
to the skeleton, but is otherwise reserved for
patients with widespread skeletal symptoms or
when plain X-rays are equivocal for metastatic
disease. A metastasis leads to an osteoblastic
response, which in turn leads to increased accu-
mulation of the bone-seeking radioisotope and
therefore a hot spot (Fig. 2.2). Myeloma bone
lesions are not particularly well visualized as
they do not evoke a significant osteoblastic
response. A very diffuse involvement of the
skeleton may produce an intense uptake of iso-
tope producing a ‘superscan’. Benign disease
such as degenerative changes in joints, vertebral
collapse from osteoporosis or Paget’s disease of
bone can also lead to abnormal isotope uptake.
Bone scans can be unreliable in assessing
response to therapy in the short term, as activ-
ity may be increased at the sites of metastatic
disease with regression of the metastasis and
subsequent bone healing (Fig. 2.3).

Computed tomography (CT)

CT gives good soft tissue and bone contrast. A
contrast-enhanced CT scan of the brain, thorax,
abdomen and pelvis is indicated for potentially
curable tumours with a propensity for wide-
spread multiple metastases, and in all patients
with metastatic disease as a baseline for assess-
ing response to therapy. Abnormal lymph nodes
on CT are defined as >1 cm in diameter,
although CT cannot detect abnormal lymph
node architecture and therefore cannot distin-
guish between benign and malignant enlarge-
ment. Localized CT imaging may be used to
position a needle for biopsy of a mass. Care
should be taken when interpreting images for
treatment planning as occasional cases of situs
inversus may lead to confusion (Fig. 2.4).

Magnetic resonance imaging (MRI)

This gives soft tissue contrast superior to that of
CT and superb anatomical definition in trans-
verse, sagittal and coronal views (Fig. 2.5). No
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Figure 2.2 Isotope bone scan (anterior and posterior
views) showing multiple skeletal metastases from breast
cancer. Radioactive technetium has been injected and
taken up by the skeleton, particularly in regions of
increased bone metabolism. Note the uptake in the
kidneys and bladder owing to urinary excretion of
isotope. Metastases are seen in the skull, spine, pelvis
and right proximal femur.

ionizing irradiation is involved and it is there-
fore better for investigating young children and
pregnant women. Contraindications include
cardiac pacemakers, metallic intracranial vessel
ligation clips, previous metallic intraocular for-
eign bodies and claustrophobia. It is particularly
sensitive for imaging the brain and spinal cord.
MRI is useful for patients with apparently soli-
tary cerebral metastases on CT as a means of
excluding multiplicity, which may be important
in determining optimal management, and is the
investigation of choice for patients with pri-
mary CNS tumours. It also has a role in the
delineation of the local extent of soft tissue sar-
comas and primary liver tumours prior to defin-
itive surgery where the tumour can be related
to adjacent major blood vessels, and is the stag-
ing method of choice for pelvic tumours (e.g.
carcinomas of the prostate, cervix, rectum).



Figure 2.3 (a) Plain chest radiograph showing a
peripheral opacity in the right upper zone.

(b) Corresponding CT image showing a large,
destructive, soft tissue mass arising from a rib. (c) After
appropriate systemic therapy, there has been a response
showing as healing and sclerosis. Paradoxically, the
isotope bone scan indicated increased isotope uptake at
this site, which suggested disease progression.
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Figure 2.4 Situs inversus. Transverse CT image of the
upper abdomen with the stomach and liver and spleen
(abnormally developed into two splenunculi) transposed
with respect to their usual left/right positions.
Misplacement of CT films on a screen could lead to a
significant error at the time of surgery.

MRI can be useful in determining the nature of
persistent skeletal symptoms when plain X-rays

and isotope bone scans are both normal (Fig.
2.6).

Positron emission tomography (PET)

This entails the systemic administration of
positron-emitting molecules, which form part
of the everyday metabolic processes of the
living cell, eg. fluorodeoxyglucose (FDG).
These tracers are preferentially taken up by fast
metabolizing tissues (e.g. tumours) and can
then be detected and their uptake spatially
localized. Patients fast beforehand to maximize
glucose uptake, and have to be warm and
relaxed to avoid shivering and brown fat metab-
olism, which can lead to spurious glucose
uptake. These studies provide functional infor-
mation entirely different to the structural infor-
mation obtained from CT and MRI, and can
provide a whole body snapshot of the likely
sites of disease activity. CT imaging is often
undertaken in the scanner at the same time as
the PET study to facilitate anatomical apprecia-
tion of the sites of tracer uptake. PET is of par-
ticular value in the assessment of residual soft
tissue masses after chemotherapy (e.g. lymph
node masses in lymphoma and testicular
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Figure 2.5 Brainstem glioma. MRI of the brain showing
(a) transverse, (b) sagittal and (c) coronal views.

tumours) where the presence of viable tumour
may be distinguished from fibrosis and/or
necrosis. PET can also be used as part of a
whole body staging procedure, particularly
prior to radical surgery in diseases with an
innately high risk of distant dissemination, e.g.
lung cancer, pancreatic cancer (Fig 2.7). It can
be of value in assessing response to therapy (Fig.
2.8). PET imaging is sensitive for detecting low-
volume malignant lymphadenopathy (e.g. in
the mediastinum, pelvis) that would otherwise
be indeterminate by CT criteria (Fig. 2.9). PET
is, however, not a good imaging modality for
surveying the brain as this is an area of very avid
glucose uptake and the co-registered CT imag-
ing is usually of low resolution and without
contrast enhancement.

Other specialized investigations

1. Bone marrow aspirate and trephine

This is a relatively non-invasive method for
obtaining a sample of bone and bone marrow
for microscopic examination. It is particularly
useful in the diagnosis and staging of haemato-
logical malignancies (lymphoma, myeloma,
leukaemia) and some solid tumours (small cell
carcinoma of the lung, Ewing's tumour of

bone).

2. Lumbar puncture

Some tumours have a particular propensity to
spread to the central nervous system, particu-
larly the meninges, and the CNS may act as a
sanctuary allowing malignant cells to survive
systemically administered chemotherapy. It is
relatively easy to obtain a specimen of cere-
brospinal fluid from the lumbar subarachnoid
space, which can then be submitted for cytolog-
ical examination. Lumbar puncture forms part
of the routine staging of high-risk non-
Hodgkin's lymphomas (e.g. primary testicular
lymphomas, those with bone marrow involve-
ment, lymphomas affecting the paranasal
sinuses).

Tumour marker assays

Tumour markers are usually proteins associated
with the malignant process. Common methods
of detection include:
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(b)

Figure 2.6 This woman with previously treated breast
cancer presented with sciatica. (a) Normal plain
radiograph of lower lumbar spine and adjacent pelvis.

(b) Isotope bone scan of the same region showing
normal, symmetrical uptake. (c) Sagittal MRI of the
lumbar spine and sacrum showing a soft tissue mass at
S1. (d) Transverse MRI showing a large metastasis in the
superior aspect of the sacrum impinging on the ipsilateral
S1 nerve root.
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Figure 2.7 PET imaging for staging cancer. Coronal PET
scan of the thorax and abdomen performed in a patient
with lung cancer who was being considered for surgery.
Although the staging CT scan was reported as normal,
there is intense glucose metabolism in the left adrenal
gland and a further focus just lateral to the thoracic aorta
(arrows), both suggesting metastatic disease.

immunohistochemistry
fluoresence in situ hybridization (FISH).

Tumour markers in the serum, urine or cellu-
lar material are useful in many aspects of cancer
management, and testicular tumours provide a
number of examples (Table 2.2). The following
are examples of tumour markers used for other
tumour types:

CA15-3 (blood) in breast cancer
carcinoembryonic antigen (CEA — blood)
in gastrointestinal cancer

prostate-specific antigen (PSA — blood) in
prostate cancer

CA125 (blood) in ovarian cancer

CA19-9 (blood) in pancreatic cancer
o-fetoprotein (AFP - blood), B-human
chorionic gonadotrophin (HCG - blood),
placental alkaline phosphatase (PLAP —
blood) and lactate dehydrogenase (LDH —
blood) in testicular teratoma/seminoma
thyroglobulin (blood) in follicular carci-
noma of the thyroid

calcitonin (blood) in medullary carcinoma
of the thyroid

24-hour urinary vanillylmandelic
(VMA) in phaeochromocytoma

acid

Figure 2.8 PET imaging to assess
response to treatment. Sagittal whole
body images of a patient with bone
metastases. Left-hand panes represent
the CT and PET images before treatment,
the PET showing four areas of intense
glucose uptake in the thoracic spine. The
right-hand panes are the corresponding
images after successful systemic therapy
showing a metabolic response. Note the
area of sclerosis that has appeared in the
lower thoracic region to suggest a healing
area of osteoblastic activity.
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TABLE 2.2 Role of serum tumour markers in the management of patients with testicular tumours

Role Example

Diagnosis Elevation of AFP suggests yolk sac teratoma elements, elevation of HCG
suggests trophoblastic teratoma elements, while elevated LDH is associated
with seminoma

Staging Failure of AFP/HCG/LDH to return to normal after orchidectomy suggests
residual disease elsewhere

Prognosis Very high levels of AFP/HCG are associated with poor prognosis in testicular
teratoma

Indicator of response Failure of AFP/HCG/LDH to fall with chemotherapy suggests drug-resistant
disease

Detection of relapse Sudden elevation of AFP/HCG/LDH while in clinical remission suggests

subclinical relapse

24-hour urinary 5-hydroxyindoleacetic THE TNM STAGING SYSTEM

acid (5-HIAA) in carcinoid tumours
urinary Bence-Jones protein, paraprotein/ The origins of this staging system go back to the
immunoglobulin levels (blood) and elec- 1940s. Since then it has evolved into a compre-
trophoresis (blood) in myeloma. hensive system covering all types and stages of

A

Figure 2.9 PET staging of cancer. (a) Coronal whole body
PET image showing widespread metastatic disease. The
mediastinal lymphadenopathy was not appreciated on an
earlier CT scan. (b) Coronal PET image of the pelvis.
Small but abnormal lymph node in the right iliac chain
(arrow). Again, this had not been appreciated in an earlier
CT survey.
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cancer. It is accepted and contributed to by the
most eminent cancer research groups such as the
World Health Organization, International Union
Against Cancer, and International Society of Pae-
diatric Oncology. A formalized, universally
applied staging scheme has several advantages.
First, it aids the clinician in his or her apprecia-
tion of the extent of the cancer and gives a
meaningful guide to likely prognosis. Secondly, it
gives a consistency in the reporting of clinical
trials and facilitates an exchange of meaningful
information between clinicians without ambigu-
ity, even if they do not speak the same language.

The system describes the anatomical extent
of the disease by using three components:

‘T’ for the primary tumour
‘N’ for regional lymph nodes
‘M’ for distant metastases.

Each of these categories is assigned a number
according to the extent of disease, which will
vary according to anatomical site and type of
malignancy. Other categories include:

Tis — carcinoma in situ

TO - no evidence of primary

Tx — primary cannot be assessed
Nx — nodes cannot be assessed

Mx — metastases cannot be assessed
Gl — well differentiated

G2 - moderately differentiated

G3 - poorly differentiated

G4 - undifferentiated

pT/N/M - pathological staging.

The reader is referred to the site-specific
chapters for more detailed staging descriptions.

USE OF PATHOLOGICAL
INFORMATION

The pathologist plays a vital role in tumour
diagnosis. The information on a pathology
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report is an integral part of the decision-making
process for the clinician. Essential details
include:

tumour size and macroscopic appearance
tissue of origin

benign versus malignant

if malignant, primary versus secondary
tumour differentiation, i.e. grade

degree of local invasion (blood vessels,
lymphatic vessels, nerve fibres, organ
capsule)

number of regional lymph nodes retrieved
and number involved

host immune response

tumour excised with an adequate margin
of normal tissue

immunocytochemical markers, e.g. HER2
in breast cancer.

Much of this information is of prognostic
value and may assist in determining the opti-
mal treatment of the patient. The recent
advances in immunocytochemistry have
allowed pathologists to identify the tissue of
origin in very poorly differentiated tumours
(see Chapter 21) which has improved the
management of this small group of patients. As
with the radiologist, it is not only courteous
but essential that as much relevant clinical
information as possible is put onto any form
submitted to the pathologist.
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1. Which three of the following statements
apply to cytology as a diagnostic tool?

a.

b.

C.

Can only be performed on specimens of
body fluid

Can provide a rapid diagnosis

Allows precise characterization of the
tumour

. Cannot distinguish in situ disease from

invasive

. It has a low false positive rate

A negative result makes cancer very
unlikely

. Very useful for immediate diagnosis of

lymphoma

2. Which of the following is the least impor-
tant objective of staging cancer?

a.

Provides baseline of current disease
status for assessing response to treat-
ment

b. Allows optimization of treatment

oo

Informs both patient and clinician

. Allows time for patient to come to

terms with diagnosis
Gives insight into likely prognosis

3. Which three of the following statements
apply to an isotope bone scan?

a.

b.

Images all the skeleton except the ribs
Complements plain radiographs of
painful areas of the skeleton

Relies on isotope being taken up in
areas of osteoclastic activity

. It is not good at imaging myeloma bone

lesions

Increased isotope uptake always sug-
gests disease progression

Benign disease can produce a hot spot

g. Contraindicated in hypercalcaemia

4. Which three of the following are contra-
indications to having a magnetic resonance
scan?

@™ e AN o

. Previous hip replacement surgery
. Pregnancy

Claustrophobia

. Raised intracranial pressure

Cardiac pacemaker
Spinal cord compression
Intraocular metallic foreign body
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The following chapters describe clear treatment
policies for different types of malignant disease.
These policies are based upon a knowledge of
the natural history of the disease and, as
detailed in the previous chapter, details of its
extent — the clinical or pathological stage of the
tumour.

However, the practice of clinical oncology
demands more than simple application of these
instructions in an uncritical fashion. The indi-
vidualization of treatment for any given patient
will be influenced by sociological, economic
and psychological factors as well as oncological
principles. The three levels of decision-making
used when formulating a treatment policy for
an individual are:

the decision to treat or not to treat
treatment intent, whether radical or pallia-
tive, and

specific aspects of treatment policy regard-
ing local, systemic and supportive therapy.

Figure 3.1 illustrates the various options for
treatment.

Diagnosis of malignant condition
Staging and histology reviewed

DECISION 1 —» No treatment

|

Active treatment

|
l— DECISION 2 j

RADICAL PALLIATIVE
Radiotherapy
Systemic therapy
l_ DECISION 3_l Surgery

Primary Adjuvant

Surgery Radiotherapy

Radiotherapy Systemic therapy

Systemic therapy

Figure 3.1 Treatment options.



TREATMENT OPTIONS

To treat or not to treat

Not every patient in whom a diagnosis of
cancer is made will benefit from active treat-
ment of their disease. There is, for example,
good evidence to show that active local treat-
ment in the form of radiotherapy for inoperable
carcinoma of the bronchus in poor performance
status patients will have no impact whatsoever
on the survival of a patient. It follows therefore,
that in asymptomatic patients diagnosed with
this condition, treatment will only be meddle-
some and indeed may detract from that
patient’s quality of life by invoking side-effects
for no positive outcome. In contrast, treatment
with radiotherapy or chemotherapy in good
performance status patients may result in a 2-
month gain in survival; it is then a judgement as
to whether for an individual asymptomatic
patient this is appropriate treatment, and it is
important that those patients who develop
symptoms from a bronchial carcinoma are not
denied treatment by operating a blanket policy
of no treatment for these patients. The actual
decision to treat a patient will be based not only
on their clinical state but also on the availability
of treatment facilities and the emotional
response of the patient and their relatives. It is
often very difficult for a patient to accept that,
having been told they have cancer, no treatment
is proposed other than symptomatic measures,
even though specific cancer treatment may
have no proven benefit.

A more comfortable scenario in which a no-
treatment decision may be taken is when the
prognosis is so good and the risk of relapse so
small that treatment for all patients will result
in overtreatment with consequent side-effects
for the majority. An example of this situation
is the management of stage 1 testicular ter-
atoma following orchidectomy where the
probability of relapse is around 20 per cent
and the use of tumour markers and scans
enables early diagnosis of relapse in a tumour
readily cured on exposure to appropriate
chemotherapy. This is a much easier scenario
for the patient, who will easily accept that
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they are almost certainly cured and require no
further treatment other than close follow-up
for a finite period.

Treatment should always have a positive ben-
efit for the patient but treatment outcome for
any individual is not predictable. The decision
to treat or not then becomes a matter of balanc-
ing the probability of improving a patient’s con-
dition, whether by symptom control with
palliative treatment or by cure with radical
treatment, against the toxicity and disturbance
to lifestyle that treatment will entail. Thus it is
possible to justify an intensive course of
chemotherapy with major side-effects when
there is a high probability of cure but more dif-
ficult to do so in a patient with limited life
expectancy in whom only minor symptom
improvement can be anticipated. Wherever
possible, the patient should be allowed to deter-
mine the level of input they wish to undergo;
there is good evidence that, as a group, patients
will often wish to undertake treatments with
significant toxicity and very limited chances of
possible benefit in contrast to the views of
health professionals.

Radical or palliative treatment

Radical treatment is that which is given with
the intent of long-term control or cure for the
patient. Palliative treatment is that which is
given to improve the quality of life for a patient
with no implied impact upon their survival.

While this may seem to be a clear distinction,
in practice it may be difficult to define treat-
ment aims in these terms. For example, a
patient presenting with small cell lung cancer
may be offered a course of radical treatment
comprising intensive chemotherapy and per-
haps also chest radiotherapy. However, it is rec-
ognized that, while this treatment may prolong
survival, the likelihood of cure is less than 15
per cent. Thus the treatment intent, although
radical, will result for most patients in only very
limited benefit. Conversely a patient with
breast cancer relapsing with a single site of
painful bone metastases may receive a low pal-
liative dose of radiation for pain relief only, yet
live, pain free, for several years.
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In most cases, however, the decision of treat-
ment intent if not outcome will be clear. Those
patients who present with localized tumours
accessible to local therapy and those with
metastatic  disease  from  chemosensitive
tumours, such as germ cell tumour or lym-
phoma, will be offered radical treatment. Those
who present with metastatic disease from other
tumours and those who relapse after primary
treatment will, with few exceptions, fall into
the palliative group.

Palliative treatment has the aim of improving
a patient’s wellbeing usually through treatment
for specific local symptoms such as pain,
obstruction or haemorrhage. It follows there-
fore that patients in whom radical treatment is
not appropriate and who have no symptoms do
not require palliative treatment. The concept of
prophylactic palliative treatment, in other
words treatment to prevent symptoms emerg-
ing, is for most patients inappropriate and, in
the asymptomatic patient, introduces treatment
toxicity with little likelihood of benefit. There
may be occasional exceptions to this concept,
for example the prophylactic fixation of a bone
damaged by extensive osteolytic metastases
with impending pathological fracture. As always
the probability of treatment benefit must be
weighed against the natural history of the con-
dition and probability of disease-related and
treatment-related symptoms.

Local, regional or systemic treatment

As a general principle, a primary malignant
tumour will require ablation with local treat-
ment, which may be surgical excision and/or
radiation treatment. Similarly, metastatic dis-
ease requires systemic treatment, which may be
chemotherapy, hormone therapy or a biological
agent.

Local treatment may involve simple excision
of a tumour, removal of the entire organ or
removal of the involved organ and regional tis-
sues at risk of tumour involvement. In the past
there have been advocates of extensive regional
surgery around a tumour site in the hope of
improving cure; however, such approaches are
only rational where a tumour is known to
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spread in a predictable fashion. In practice most
common tumours are thought to spread at an
early stage in their evolution through blood and
lymphatic dissemination of tumour cells. For
this reason the use of radical regional surgery is
usually inappropriate. This is well illustrated in
the case of breast cancer where it is now clear
that survival is largely independent of the type
of local treatment for a given stage of disease.
Thus radical mastectomy is no better at curing
breast cancer than simple removal of the lump
from the breast.

Although local control of a tumour is an
important goal, most patients die from cancer
because of metastatic disease. Where a cancer
has been detected prior to the establishment of
metastases, then radical local treatment can
result in cure. However, the natural history of
many cancers is such that even relatively early
tumours will already be associated with distant
micrometastases. In these cases improvements
in survival are likely to come only from the use
of adjuvant systemic treatment.

Adjuvant treatment

Adjuvant treatment is the prophylactic use of
local or systemic treatment following primary
treatment of a malignant tumour to prevent
recurrence.

One of the most common adjuvant treat-
ments given today is postoperative radiotherapy
following excision of a malignant tumour, for
example irradiation of the breast following local
excision of an early carcinoma. Such adjuvant
treatment may add significantly to patient mor-
bidity and it is important therefore to consider
the relative merits of treatment in these situa-
tions. For example, the risk of local relapse in
the breast following simple excision with no
radiotherapy is around 30-50 per cent depend-
ing upon tumour size. On this basis, if all
patients are treated following lumpectomy, half
may never have required treatment; the diffi-
culty lies in predicting accurately those who
will relapse. A further consideration is the fact
that local relapse following lumpectomy may
be treated successfully in many women and will
still occur in 5-10 per cent even with radiother-



apy. A small survival advantage with postopera-
tive radiotherapy has also been shown. The
decision to offer a woman breast radiotherapy
following excision of a malignant breast lump
therefore has to balance the potential benefits
with the likely side-effects for each individual
patient. The substantial reduction in local
relapse in the breast from 50 to 5 per cent will
be seen in most cases to justify a relatively
simply, low morbidity treatment.

The use of adjuvant systemic therapy is also
one in which the decision to offer a particular
treatment must be balanced against the possible
acute toxicity which, with chemotherapy, may
be significant. There are, in fact, few sites of
cancer where the use of adjuvant systemic ther-
apy is of proven value. The area where there has
been the greatest endeavour and the most reli-
able information is once again breast cancer.
There is now little doubt that an overall survival
benefit is achieved by offering women with
early operable breast cancer some form of adju-
vant systemic therapy. In postmenopausal
women tamoxifen or anastrazole is recom-
mended. This reduces the likelihood of dying
from breast cancer by one-third and is a simple
treatment involving the administration of a
single tablet daily for a number of years with
few, if any, associated side-effects. Therefore the
decision in this case is reasonably straightfor-
ward. In contrast there is a less reliable effect of
anti-oestrogen treatments in premenopausal
women with an oestrogen receptor-negative
tumour, but proven advantage with chemother-
apy for those with high-risk tumours defined by
high tumour grade or positive regional lymph
nodes. However, this treatment involves 6
months of intravenous chemotherapy with
attendant side-effects. The greatest efficacy is
seen in those patients with positive axillary
lymph nodes, but even so the difference in sur-
vival at 10 years between women who receive
chemotherapy and those who do not in
prospective randomized trials is only 6 per cent.
Therefore the treatment decision for adjuvant
chemotherapy in a premenopausal patient with
negative lymph nodes in whom there may be
only a small probability of survival gain for the
individual becomes more difficult.
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It can be difficult to translate clinical trial and
population-based data to the individual patient.
Breast cancer is a common cancer and therefore
even a very small treatment effect of say, an
improvement in survival of 5 per cent over 10
years will result in many thousands of women
worldwide living for longer after breast cancer.
However, for the individual woman the odds
that she will benefit from adjuvant treatment in
that setting are small and it is possible that she
will undergo a toxic treatment with no effect
on her ultimate survival.

It is also difficult for those around the
patient, be they family, friends or physicians, to
evaluate and balance the risks of having a toxic
treatment against the risk of relapse, particu-
larly when there can never be the certainty of
cure. There is evidence to suggest that patients
have a much lower threshold for accepting
treatment, even where there is significant asso-
ciated toxicity, than would the nurses or doc-
tors who look after them.

QUALITY OF LIFE

Whilst survival will always be the most impor-
tant end-point of cancer treatment, the quality
of life experienced and the impact of different
treatment regimens upon this is an important
further consideration. Measurement of quality
of life has become increasingly sophisticated.
Early attempts relied heavily upon assessments
by a physician on a broad scale measuring phys-
ical performance status as illustrated in Chapter
6 (see Table 6.2, page 55). A true measure of
the quality of life for an individual can, how-
ever, be acquired only from that individual, and
a number of formal patient questionnaire-based
scales have now been developed. These include
the Rotterdam symptom checklist, the Hospital
Anxiety Depression (HAD) score and the
European Organization for Research and Treat-
ment of Cancer (EORTC) standardized quality
of life questionnaire (EORTC QLQ-C30), con-
sisting of a core questionnaire to which can be
added disease site-specific modules. The place
for quality of life assessments in clinical trials
will be discussed later in this chapter.
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COMMUNICATION

Whilst the principles of communication in
oncology should be no different to any other
branch of medicine there are specific features
that require consideration. In Western society
the term ‘cancer’ remains one that is frequently
surrounded by fear and dread for most of the
population. In other cultures it may not even be
mentioned in open discussion. Many patients
passing through an oncology unit will have an
incurable and ultimately fatal disease. This
requires special skills in communication and
support, which will span the entire range of
oncological practice. Radical treatment might
require lengthy discussion to consider the
choice between different treatment options; at
the other extreme, specific skills are required in
imparting the news that a cancer may be incur-
able and death imminent.

Patients are increasingly well informed and
wish to discuss the details of their disease and
options for treatment. The diagnosis of cancer is
often associated with many emotional
responses, which will colour the consultation
including anger, frustration, guilt and despair.
These may present considerable barriers to
open discussion particularly where there is a
perception that earlier medical care has been
inadequate or delayed the diagnosis of cancer.

Communication with a patient is affected by
many factors relating to both the patient and
the healthcare professional including environ-
ment, culture and content.

Environment

Wherever possible important discussions
relaying news of a diagnosis of cancer, discus-
sions relating to treatment options and the
‘bad news interview’ relaying news that the
condition may be incurable and terminal
should be carried out in an environment com-
fortable for the patient. Privacy is important
but often difficult to achieve in a busy ward
and wherever possible a dedicated side room
or communication room should be available.
The patient should be adequately clothed and
not given important information during the
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process of physical examination or while still
undressed.

If possible and provided this is desired by the
patient they should have a relative or friend
accompanying them or alternatively a health
professional with whom they have empathy, for
example their ward nurse. Despite inevitable
pressures on the time available for such inter-
views the patient should not be aware of time
pressures that may hinder their willingness to
interact and ask questions.

Culture

There will be cultural differences in the way in
which a diagnosis of cancer, a potentially fatal ill-
ness, and death are approached. Increasingly in
Western civilization a direct approach is pre-
ferred. The word ‘cancer’ should not be avoided
or hidden behind euphemisms. A clear and
simple explanation of the disease relevant to that
particular patient and the treatment options
should be given. Patients may be unfamiliar with
surgical procedures, and the processes of radio-
therapy and chemotherapy; these will require
additional explanation. It is unwise to assume
that a patient has any background information
unless confirmed. It is often helpful early in a
consultation to ask the patient to give their
understanding of their illness or the treatments
being offered, against which background further
discussion can proceed. A particular pitfall to
avoid relates to fellow health professionals who
may be disadvantaged by the assumption that
they already are familiar with their condition
and will have decided on the treatment they
wish to receive; usually this is far from the case
and they will welcome putting aside any back-
ground knowledge they may have acquired for a
full and simple explanation of their position.

Content

Three common consultations can be identified
in oncology that present specific challenges in
communication; these are the choice between
different radical or palliative treatments, the
discussion of likely prognosis and discussion of
matters related to the process of dying.



Treatment choices

Where there is a choice of treatment, this
should be laid out for the patient and in each
case the possible advantages and disadvantages
discussed. It may be difficult to give a balanced
view of treatment options particularly for spe-
cialists outside their own area of interest; this is
the advantage of multidisciplinary discussions.
Realistic estimates of success should be given
with a clear explanation of the expected end-
point, whether ‘cure’, by which the patient will
interpret a complete return to normal life and
normal life expectancy; ‘control’ of the disease,
which may be only temporary; or simply con-
trol of symptoms without any impact perhaps
on survival. There is a recognized need to
clearly highlight possible side-effects of treat-
ment, in particular those that may result in a
long-term alteration in lifestyle for the patient.
Again realistic estimates of their likelihood and
the balance between side-effects and positive
benefit should be discussed.

It is well recognized that most patients do
not retain information from their initial inter-
view for long and that a significant amount of
the information will be forgotten or misinter-
preted. It is therefore important that written
information is given to the patient to support
the facts imparted in the interview and that this
is followed up by an opportunity for the patient
to return for further discussion. A readily avail-
able point of contact should be given to the
patient and often it is helpful for another
healthcare professional such as a specialist
nurse to be available for them to discuss matters
further.

Prognosis

Prediction of life expectancy is notoriously dif-
ficult and there is considerable evidence that
estimates by healthcare professionals are often
widely inaccurate. It is often difficult for
patients and their relatives to accept that their
medical advisers cannot give an accurate pic-
ture of the future. It is, however, usually possi-
ble to estimate survival in terms of days, weeks,
months or years and, where lengthy survival is
to be expected, a percentage likelihood of sur-
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viving, say, 5 years can be given. This should,
however, be carefully interpreted since it is
often difficult for patients to relate life-table
curves giving a probability of survival at any
point to their own individual survival.

The point at which patients wish to discuss
such matters in detail will vary, some wishing to
consider this in detail from the outset but many
preferring to leave the matter unspoken for
some time or on occasions throughout their ill-
ness. This should be respected and the issue
dealt with sensitively, giving patients the oppor-
tunity to ‘set the pace’, by asking specific details
of their outlook, rather than giving bald and
alarming statements of a short prognosis. Open
questions such as ‘Is there anything else you
would like to ask?’ may give them the lead to
pursue specific areas of concern when they wish
to do so.

Dying

The mention of death and dying is often
avoided by both carers and patients perhaps in
an attempt to avoid facing the inevitability of
this event. Meaningful discussions with a
patient who has advanced incurable cancer can,
however, only progress once the notion of
dying has been accepted, if only to subse-
quently agree not to mention it further.
Patients and their relatives will often hide
behind euphemisms such as ‘the end’ or ‘when
it's all over’, whilst healthcare professionals
may use terms such as ‘very serious’ or ‘incur-
able’ to introduce the idea that an illness is
fatal. Realistic expectations are important for
practical issues to be faced such as where and
by whom the patient wishes to be cared for in
his or her last days, clarification of their wishes
in the form of a will and, where dependent
children are involved, arrangements for their
future care. Patients and their relatives are
often concerned over the process of dying
rather than the event itself and it is important
to explore these fears with appropriate reassur-
ance over the availability and efficacy of symp-
tom control and nursing care. Above all, it is
important not to avoid the issue when faced
with direct questions from the patient but to
reply honestly and with sensitivity.
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Difficulties in communication

Expectations versus reality

For many patients the reality of a serious illness
and the possibility of death is dealt with by
unrealistic expectations from their treatment
and their carers. This can be projected as anger
and dissatisfaction when treatment failure is
encountered. It is important that unrealistic
expectations are not fuelled by unrealistic pre-
dictions of outcome from treatment and that
such responses are met sympathetically but
with clear and accurate information of realistic
outcomes.

Lack of knowledge

Many patients may find it difficult to accept
that their advisers do not understand all the
details of their disease process and rarely can
they attribute a cause to it. Patients often focus
on events in their life and seek confirmation
that this was the possible cause for their cancer,
which it is not possible to confirm or refute.
Similarly events may occur in their disease
course that are unexpected and cannot neces-
sarily be explained by previous experience.
Healthcare professionals should not be reluc-
tant to admit that they do not know or under-
stand events and this is far better than
fabrication of possible mechanisms which have
no basis.

Identification

Patients who may be contemporaries of their
carers and children are particularly likely to
provoke strong emotional responses. This is a
normal reaction to events and should be recog-
nized as such but not be allowed to cloud
objectivity. If this is found to be an overwhelm-
ing difficulty, healthcare professionals should
have access to an another colleague who can
take their place or support them through diffi-
cult events.

Conflict within families

The diagnosis of a life-threatening illness or
impending death may unveil underlying con-
flicts between a patient and other family mem-
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bers. There is often guilt that the patient has
not been given sufficient attention, symptoms
have been missed and that more should have
been done. This may be transferred to those
looking after the patient as complaints relating
to their diagnosis and care. Other more com-
plex tensions may emerge with unmasking of
relationship difficulties between partners or
parents and children. There may be attempts to
‘protect’ the patient by asking professionals to
withhold information, which relatives may see
as distressing. Throughout the important princi-
ple is that the patient is pre-eminent and, while
although you must deal with relatives sympa-
thetically, the patient’s wishes should at all
times be respected.

CONCLUSION

Decision-making in oncology is not as straight-
forward as a simple knowledge of the disease
process may imply. Relating the large body of
knowledge regarding disease outcome, treat-
ment outcome and treatment-related morbidity
to an individual patient can be difficult. The
probability of benefit from any treatment can
be interpreted differently by each patient so
that, while one might accept a 90 per cent
probability of cure as very favourable, another
will find a 10 per cent probability of relapse
unacceptable. Treatment decisions rely on an
accurate and realistic presentation of the facts
but individual interpretations might come to
very different conclusions from the same facts.

CLINICAL EVIDENCE AND
CLINICAL TRIALS

Ultimately treatment decisions rely upon inter-
pretation of the available data for a given clini-
cal situation. Different sources of data,
however, have different levels of reliability
when applying them to a patient population.
Perhaps the least reliable, but often most mem-
orable, is that of the anecdote recalling the
course of a similar patient treated in the past.
The most reliable data will come from the




results of a large randomized trial addressing a
specific question. Clinical evidence is graded
according to its level of reliability as follows:

Level la — Meta-analysis of randomized
controlled trials

Level Ib — Evidence from one or more ran-
domized trial

Level lla — Evidence from a non-random-
ized trial

Level 1l - Evidence from descriptive studies
Level 1V — Evidence from expert committee
Reports or clinical experience.

A particular clinical question, whether in
cancer treatment or any other speciality, can be
addressed in a number of ways. Types of trial
include:

randomized controlled trials
case—control studies
cohort studies.

A clearly defined path for new treatment
development in the clinical setting is defined as
follows:

Phase 1

— First exposure in man

— Low doses initially based on animal data

— Dose escalation to maximum tolerated
dose (MTD)

— Measurement of pharmacokinetics in man

— Definition of significant and limiting
toxicities

Phase 2

— Testing for activity in a range of tumours

— Define response rates

Phase 3

— Randomized controlled trial to compare
with best current treatment or placebo

Phase 4

— Post marketing surveillance following
successful phase 3 trial as use becomes
widespread outside trial setting.

Randomized controlled trials

These are statistically the most reliable way of
comparing two or more different treatments in
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a population of patients. The characteristics of
the population are defined and patients fulfill-
ing these criteria are allocated to one of the
treatment options by a random process akin to
tossing a coin, but more usually derived from a
computer-generated list of random numbers. In
this way fluctuations in the population that
may affect the outcome of treatment are dis-
tributed evenly across the treatment groups
allowing a true comparison of the treatment to
be made.

End-points

It is important at the outset of a trial to define
the end-points by which the results will be
judged. This will also guide the assessments that
will be required during the trial to provide the
necessary information to answer the main ques-
tions posed. End-points are often defined as pri-
mary, reflecting the main question addressed by
the trial, and secondary, which will include
other important outcomes such as side-effects.
Common end-points will include the following:

survival

disease-free survival
response

toxicity

quality of life.

Survival is the commonest end-point for a
large trial comparing two or more treatments
for cancer. Whilst apparently straightforward in
its definition time, cause of death may be diffi-
cult to trace, particularly in trials continuing for
many years and where the condition has a long
natural history, for example patients in trials of
prostate and breast cancer. It is important to
define the cause of death. This will allow a com-
parison of not only overall survival but also dis-
ease-specific survival, i.e. counting only those
patients dying from the disease under investiga-
tion. It is always important, however, to analyse
all causes of death, since this may on occasions
reveal an excess of deaths from complications
of the treatment. A typical example of this is
the long-term analysis of the results of radio-
therapy for breast cancer, where a reduction in
breast cancer death rate is seen in patients
receiving radiotherapy, but overall survival
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between those receiving radiotherapy and those
who did not is no different. The explanation for
this apparent anomaly was explained by an
excess of non-cancer deaths, predominantly car-
diovascular disease in the radiotherapy group
which negated the reduction in breast cancer
deaths.

Disease-free survival is defined by the period
during which a patient remains in remission,
without detectable disease, following treat-
ment. It may be further subdefined as ‘local dis-
ease-free survival’ taking into account only
relapse within a specified site, typically the pri-
mary site of the cancer, after local treatment
such as surgery or radiotherapy, which would
not be expected to directly influence other dis-
tant sites. ‘Distant disease-free survival’ may
also be used to assess a treatment for metastatic
disease. Where this is used as an end-point in a
trial, it is important to account for the fact that
relapse may only be defined by specific tests,
which will be performed at specific time points.
For example if a patient is most likely to relapse
with lung metastases detected on a chest X-ray,
where the trial design defines a chest X-ray to
be performed once a year, relapse can only be
defined once a year, assuming the patient did
not become symptomatic and obtain a chest X-
ray for their clinical management in the mean-
time. This would give only a very crude picture
of the pattern of relapse, and a delay in appear-
ance of metastases by less than 12 months
would not be detected; a design, which called
for a chest X-ray every 2 to 3 months during
the period of risk, might be more suitable in
such a scenario. It is also important to realize
that patients can only be compared by disease-
free interval if they become disease free; for
example, it is a very common end-point for
trials after local treatment of early breast cancer
where virtually all patients are ‘disease free’
after treatment, but of little value in trials of
treatment for metastatic disease where only
modest response rates might be anticipated.

In these patients a similar concept may, how-
ever, be applied using progression or symptom
response rather than tumour response and
measuring ‘progression-free survival' or ‘symp-
tom-free survival'.
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Response may be an important end-point
when testing new treatments to see whether
they are effective. There are recognized formal
definitions of response. The most commonly
used are the RECIST response criteria as fol-
lows:

Complete response (CR): complete disap-
pearance of all detectable disease for a
period of at least 1 month

Partial response (PR): a 30 per cent reduc-
tion in measurable disease for at least 1
month

Stable disease (SD): a reducing of <30 per
cent in measurable disease or no increase in
size for at least 1 month

Progressive disease (PD): any increase in size
of measurable disease during the assess-
ment period.

Response may be quoted as overall reponse
rates (OR or RR), which will usually include
CR + PR, but it is important to check on precise
definitions as some investigators will include
stable disease in this category.

Toxicity is a vital component in assessing the
outcome of any clinical trial since ultimately
any benefit will be balanced with side-effects.
Toxicity will include the immediate effects
observed during the trial and may take the form
of laboratory measures, such as full blood count
or renal function, and symptom scores for
expected side-effects of treatment. It is also
important to consider later effects after treat-
ment has been completed, and specific issues
that might arise from cancer trials include the
effects of treatment on fertility and the induc-
tion of second malignancies.

Quality of life measures will give a global
view of the impact of the intervention to be
tested taking into account the response of the
disease, side-effects of treatment and also the
more complex issues of the psychological and
sociological consequences of the disease and its
treatment.

Measurement of end-points is a very impor-
tant component of the design of any trial and
requires a knowledge of the natural history of
the disease being studied together with a
knowledge of the effects of the treatment inter-



ventions that will be available from preceding
use of the agents in phase 1 and 2 trials (see
below). There are two important considerations
in deciding how measurements should be
included in a trial.

Timing must be defined to give useful infor-
mation but without burdening the patient or
investigators with unnecessary measurements.
In the early part of a trial more measures are
likely than later on, the most intensive being
during treatment. However, as illustrated by the
example of annual chest X-rays in a disease that
may relapse within a few months, appropriate
time-points for assessment after treatment
must also be incorporated. The nature of most
cancer is for these to be most intensive over the
first 2-3 years after treatment and then to
become less intrusive as the high-risk period for
relapse passes.

Measurement may require a range of meth-
ods to be applied:

Death is a clear end-point but tracing
patients after treatment to different centres
and defining cause of death can be more
troublesome. In some countries cancer reg-
istries might be able to supply the informa-
tion independently.

Clinical measurement of a tumour mass
may appear straightforward but clear
parameters will need to be defined, for
example whether maximum diameter, min-
imum diameter or a calculated area or
volume is to be used. Ideally measurements
are made by independent observers or, if
made by the investigators, then they should
be blind to the treatment received. Trials
that do not include these safeguards could
be open to bias.

Radiological measurements should similarly
be carefully defined and ideally judged by
an independent radiologist or preferably a
central panel convened for the trial. This
allows any variation between observers to
be ironed out and greater uniformity in the
observations will be achieved.

Laboratory measures are in general more
objective but validation of the laboratory
methods used is important. It is preferable
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to use a single reference laboratory distant
from the treating centre with mechanisms
in place to notify investigators of clinically
relevant abnormal results.

Measurement of symptoms is more com-
plex. There are a number of accepted and
validated measuring tools for common
problems such as pain or vomiting and
wherever possible these should be
employed rather than individualized scales
from a single trial or centre. These will typ-
ically take the form of categorical scales
based on none, mild, moderate, severe
format or visual analogue scales, using a 10
cm scale, on which patients mark the sever-
ity of a symptom. Critical to achieving good
data is careful explanation and continued
support during the data collection. Wher-
ever possible it is important to have data
completed by the patient themselves rather
than a surrogate.

Quality of life instruments are detailed
questionnaires relating to the patients emo-
tional and physical wellbeing. They can be
general or have additional ‘disease-specific
modules’ addressing issues that may be per-
tinent to a particular tumour site, for exam-
ple wurinary and sexual function in
carcinoma of the prostate. Common exam-
ples used in cancer trials are the FACT and
EORTC QLQ-C30 quality of life question-
naires.

Health economic assessments are increas-
ingly an integral component of randomized
trials assessing new treatments as it
becomes apparent that the resources allo-
cated to health care in the developed world
can no longer match the availability and
demand for increasingly complex and
expensive treatments. Demonstration of
cost-effectiveness is therefore an important
component of any clinical trial today evalu-
ating new cancer treatments. The tools for
evaluating this are also becoming more
complex as it becomes clear that a simple
balance sheet approach cannot address the
issues that may arise. Attempts are made to
relate the treatment effect with the length
of time over which benefit may occur,
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resulting in concepts such as the Quality
Adjusted Life Year (QALY) to measure
treatment outcome.

Placebo-controlled trials

Placebo-controlled trials will be appropriate
when a new treatment is being tested in a situa-
tion where there is no recognized standard
treatment with which to compare it. Although
it may be possible to compare the new treat-
ment with no treatment there is always the pos-
sibility that simply the process of delivering a
treatment, whether a drug or other interven-
tion, will have an unexpected beneficial or
harmful effect. The use of a placebo, which will
be made to resemble the active treatment as
closely as possible, reduces this possibility.
Placebos are most effective in trials that are
blinded. This refers to a situation in which
either the investigator or subject do not know
the difference between the placebo and active
drug (single blind design). The optimum design
is a double blind trial in which neither the
investigator nor the subject are aware whether a
placebo or active drug is being used.

Where there is already a recognized treat-
ment against which the new treatment is to be
tested then placebo-controlled trials are inap-
propriate and the control arm will be the stan-
dard best available treatment. Alternatively,
particularly in testing new treatment in
advanced cancer, the control arm could be best
supportive care. This is optimized symptomatic
supportive care distinct from the use of ‘anti-
cancer’ treatment and permits the test of a new
treatment in the setting of symptomatic,
advanced malignancy to evaluate the addition
of an anticancer therapy where standard treat-
ment is symptomatic care only.

Randomization

Randomization describes the method by which
subjects in a trial are distributed into different
treatment groups. Most trials have two ‘arms’:
the standard arm, which should be the recog-
nized best available treatment or, where there is
none, then this will be a ‘no treatment’ or
placebo arm and the experimental arm in
which the new treatment will be tested. In most
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trials there will be balanced randomization, i.e.
the trial will comprise equal numbers in each of
the arms of the trial. Occasionally, however, a
design can be used in which there is a weighted
randomization, for example a 2:1 distribution
of subjects, usually in favour of the experimen-
tal arm, i.e. twice as many subjects in the exper-
imental arm as the control. Randomization
should take place through an independent trials
office totally separate from the facilities in
which the trial will be undertaken; usually this
will involve computer-generated blocks of
random numbers, which will then allocate sub-
jects to their arm of the trial. This may be
accessed by researchers through a telephone
call, fax or, increasingly, a voice-activated com-
puter program.

Stratification

Stratification can be built into the design of a
trial. This is to ensure that subgroups within the
trial population, which may have different
prognoses, are equally distributed. In oncology
this might mean that trials are stratified by
tumour stage or performance status. At ran-
domization each tumour stage or performance
status group will be independently randomized
ensuring an equal distribution of stages or per-
formance status across the arms of the trial.
This precaution also aids later analysis using the
stage or performance status subgroups without
prejudice. Multicentre trials often stratify by
treatment centre also.

Trial statistics

The major drawback of a randomized trial is
that for a statistically robust result large num-
bers of patients are required. The total number
required will be defined beforehand by the trial
statistician who will be able to predict the
number needed to give a defined level of statis-
tical certainty for a given change in response
rate from a known baseline. For example if a
standard treatment has a known response rate
of 70 per cent and 5-year survival of 45 per
cent, the trial investigators must decide what
improvement upon this they would expect, or
wish to detect, in their trial. They will then
need to define the power of the trial, i.e. how



certain they wish to be of their result at the
end. As an example, if a particular treatment
has a survival rate of 50 per cent, in order to
reliably detect an absolute improvement of 10—
60 per cent from a new treatment, approxi-
mately 400 patients will be required to enter a
randomized trial comparing the two. The pre-
cise number of patients will be affected by the
degree of error in the trial results that will be
accepted by those designing the trial. There are
two types of error recognized:

type I(a) error in which a difference may
be observed which does not really exist;
and

type II(B) error in which a true difference
may be missed.

These will commonly be set at an o error of
0.05 and a B error of 0.2 (often referred to as 80
per cent power). This means that it will be
accepted that there is a 5 per cent chance of the
result observed being false. As a general princi-
ple the more strict the statistical constraints, i.e.
the smaller the o and B errors accepted and the
smaller the difference to be detected between
the arms of the trials, the larger the numbers
required. As an example, for a trial in a condi-
tion where, with standard treatment, 5-year sur-
vival is 50 per cent, to detect a 10 per cent
increase in survival with a new treatment in a
two-arm randomized trial accepting an o error
of 0.05 and B error of 0.2, then a total of 760
patients will be required. Trials designed to show
equivalence, i.e. no difference between the
treatment arms, require the highest numbers.

The ‘p’ value is often quoted alongside results
of a clinical trial. This essentially relates to the o
error accepted in the result. The conventional
value required before a result is considered sta-
tistically significant is p = 0.05, which relates to
an o error of 0.05 and means that there is a 5
per cent chance of the results not being a true
reflection of the comparison in the trial, or in
other words there can be a 95 per cent certainty
that the result is a true result.

Trial infrastructure

Clinical trials demand an extensive infrastruc-
ture within a dedicated central clinical trials
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unit that will co-ordinate the trial and provide a
central point for randomization, data collection
and analysis. It should be independent from the
investigators entering and treating patients in
the trial who are usually based in many differ-
ent centres all accruing relatively small num-
bers of patients. A randomized clinical trial may
take several years before it is completed and
analysed to give reliable results that will be
translated into clinical practice. It is important
during the running of such a trial that any new
information from other trials that may affect
the relevance of the outcome are considered
and that any unexpected toxicity or difference
in response is evaluated within the trial. For this
reason most large trials will have associated
with them a data monitoring committee
(DMC) usually comprising a statistician and
two or three clinicians or scientists who are not
involved in that particular trial. They will
review the results of the trial at defined time-
points perhaps annually or after accrual of a
predetermined number of subjects, e.g. after
every 100 patients entered. They may recom-
mend early closure of a trial if a large number of
unexpected toxicities are found in one arm, or
if a sufficiently large difference emerges
between the arms of the trial early on that was
unexpected and unlikely to be reversed by
larger numbers. The data seen by the DMC
must at all times remain confidential from the
investigators involved in running the trial. In
practice early closure is rare in a well-designed
clinical trial but the DMC is an important com-
ponent to ensure that patients are not given
inappropriate treatment.

Ethics of clinical trials

It is a fundamental principle in designing and
partaking in a clinical trial comparing two treat-
ments that the patient should not be disadvan-
taged compared with other patients not taking
part in the trial. For this to be satisfied the
investigators must be confident that there is no
proven advantage for the new treatment over
the existing management and equally that there
is no evidence of any greater toxicity that
would disadvantage the patient. This will be
based on information gained from earlier phase
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I and phase II trials. In fact it has been shown
that patients taking part in clinical trials have a
better outcome than those who do not, possibly
because of adherence to a rigid protocol and the
greater clinical input that inevitably accompa-
nies trial participation.

Meta-analysis

A meta-analysis is a means of overcoming the
problem of patient numbers. This arises because
most innovations in treatment have only a
modest impact upon outcome; an improvement
in survival of more than 10 per cent from any
new intervention is very unusual. Other new
treatments might not even be expected to
improve survival but aimed at reducing toxicity
or improving quality of life. Any clinical obser-
vation is inherently unreliable in statistical
terms and will carry a range around which a
repeat observation may be expected to fall —
this is often quoted as the 95 per cent confi-
dence interval within which 95 per cent of
repeated observations might be expected. The
smaller the number of observations the wider
will be the confidence interval. To be certain
that the observations in two groups of patients
are truly different, there must be no overlap of
the confidence intervals. Where there is a big
difference, even relatively wide confidence
limits will not overlap, but for a small true dif-
ference the confidence interval needs to be as
small as possible to demonstrate the difference,
and this will only be achieved with a large
number of patients.

A meta-analysis therefore attempts to
include as many patients as possible who have
entered trials addressing a particular question.
This approach has been used in several tumour
sites of which breast cancer provides an excel-
lent example. For a number of years a series of
individual clinical trials across the world has
addressed the question as to whether adding
hormone therapy or chemotherapy to the pri-
mary treatment can prolong survival. The
results of individual trials failed to give a clear
answer, some showing benefit and others no
benefit. A meta-analysis has therefore been per-
formed combining the results of all known trials
in this area and demonstrating in 30 000
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women that adjuvant tamoxifen conveys a 6.2
per cent survival advantage after 10 years and in
10 000 women that polychemotherapy carries a
6.3 per cent survival advantage after 10 years.
These figures illustrate the very small overall
survival effect seen and explain why series of
small trials gave conflicting results. With the
large numbers in the meta-analysis, small differ-
ences can be found with a high level of statisti-
cal reliability as demonstrated by the very low
‘p’ value associated with these data; the tamox-
ifen result above has a p value of <0.00001, i.e.
only a 1 in 10 000 chance that the observation
is not real.

Case-control studies

In many situations, particularly in rare tumours
where it is not possible to study large numbers
of patients, randomized trials are not practical.
The next best type of trial is the case—control
trial in which a new treatment is given to a
series of patients and then compared with pre-
vious patients treated for that condition. It is
important in such a comparison to exclude any
factors that might affect the result other than
the treatment being tested. This is achieved by
selecting matched controls, i.e. patients with
otherwise identical characteristics to one of the
new treatment group with whom they are
matched. Parameters important to match for
include age, sex, tumour stage and histological
type, together with any other known prognostic
factors. The comparison may be refined by
selecting two matched controls for each patient
receiving the new treatment.

The difference between the two groups is
often quoted as an odds ratio comparing the
probability of an event (e.g. death or tumour
recurrence) occurring in the control group with
that in the new treatment group.

Cohort studies

Cohort studies are not usually of value in com-
paring two different treatments but are used in
particular to investigate aetiological factors. As
their name suggests they are observational stud-
ies in which a group of patients (a cohort) is



Further reading

monitored over a period of time for a particular
outcome, e.g. development of or death from
cancer. This type of study is usually reported in
terms of relative risk, comparing the incidence
in the cohort with that of a control cohort. The
value of this type of study is in defining the nat-
ural history of a particular tumour type and
evaluating the impact of potential aetiological
agents.

CONCLUSION

Subsequent chapters will describe for different
tumour types their aetiology, natural history
and various treatment options. The accuracy of
this depends critically upon the data from
which this information is derived. It can be seen

that there are many pitfalls in obtaining and
interpreting the results of clinical data sets. Any
advances in cancer management depend criti-
cally upon rigorous evaluation with close atten-
tion to the design and interpretation of clinical
trials to ensure that reliable outcome data are
acquired to further advance knowledge. It also
demands that clinicians and patients of the
future are sufficiently informed to understand
and partake in clinical trials.

FURTHER READING

Girling DJ, Parmar MKB, Stenning SP, Stephens RJ
and Stewart LA. Clinical Trials In Cancer: princi-
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The local treatment of malignant disease
involves the use of surgery, radiotherapy or a
combination of the two. Surgery is essentially a
local treatment while radiotherapy offers
locoregional treatment covering a wider area
less constrained by anatomical boundaries and
surgical technique. Optimum initial manage-
ment of the primary tumour and regional
metastases is vital if later relapse is to be
avoided, and close liaison between surgeon and
oncologist is required to enable the best use of
each modality.

MANAGEMENT OF THE
PRIMARY TUMOUR

Surgery for a malignant tumour may have sev-
eral components:

tissue biopsy to establish the diagnosis
removal of malignant disease with a clear
margin of normal tissue

repair, reconstruction and restoration of
function. This may vary according to the
extent of resection and anatomical site,
from simple primary wound closure to
major reconstruction of bone and soft tissue
with vascularized grafts and prostheses.

The type of surgery required will be deter-
mined by the type of tumour and the anatomi-
cal site, and may include:

wide local excision of the tumour mass, e.g.
local excision of a breast lump

removal of part of an organ and surround-
ing tissue, e.g, partial glossectomy and neck
dissection for a carcinoma of the tongue
removal of an entire organ, e.g. laryngec-
tomy, cystectomy or hysterectomy.

En bloc removal of the immediate lymphatic
drainage areas is usually an integral part of any
cancer surgery, e.g. hysterectomy for cervical
cancer includes pelvic lymphadenectomy.

Radiotherapy will give equivalent local con-
trol rates to surgery for small tumours (<5 cm)
in many anatomical sites and has the potential
advantage in certain sites of being able to pre-
serve anatomical structure and function, e.g. in
the treatment of cancer of the larynx where
radical radiotherapy can result in tumour eradi-
cation with voice preservation in contrast to the
surgical alternative, which is total laryngectomy.
However, against this must be balanced the
need for close postradiotherapy surveillance,
which can be difficult if there are florid late
radiation tissue changes, and that a significant
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TABLE 4.1 Relative merits of pre- and postoperative radiotherapy

Preoperative RT

Postoperative RT

Early radiotherapy

Enables preoperative preparation
for planned surgery

Surgery may be easier if tumour
shrinks preoperatively

No delay to surgery
True pathological staging may be masked by preoperative RT

Pathology of surgical specimen may guide later RT
Lower dose of RT needed for microscopic disease

proportion (around 20 per cent) of patients will
still come to surgery. Furthermore, surgery fol-
lowing radiotherapy can be technically more
difficult and have a higher complication rate.

As with surgical management, irradiation of a
local tumour must include areas of potential
spread. A common approach to enable high
radiation doses to be concentrated at the site of
the tumour mass is to use a shrinking field tech-
nique. This involves:

initial treatment of a wide area to cover all
potential routes of microscopic spread
together with the primary tumour and
regional lymphatics

a boost to the primary tumour site alone
with a margin of 1-2 cm.

COMBINED SURGERY
AND RADIOTHERAPY

The combination of surgery with radiotherapy
has two potential advantages and applications:

It enables the extent of surgery to be lim-
ited by treating sites of microscopic disease
immediately adjacent to the primary site
with radiotherapy, e.g. the use of local exci-
sion and radiotherapy in place of mastec-
tomy for breast cancer.

For large tumours (>5cm) local control
rates are in general better for combined
therapy than either modality alone.

Combined treatment may involve the use of
preoperative or postoperative radiotherapy. The
relative merits of each approach are shown in
Table 4.1. There is no evidence that pre- or
postoperative radiotherapy is more effective in
ultimate tumour control.

MANAGEMENT OF
REGIONAL LYMPH NODES

The common epithelial tumours, such as those
of the lung, breast, head and neck region and
pelvis, metastasize through two routes, the lym-
phatic system and the blood circulation. Clini-
cally involved lymph nodes and those at high
risk of microscopic involvement require active
treatment.

Surgery

Surgery is indicated for the immediate draining
nodes around a primary tumour. Radical dissec-
tion of the involved node chain should be con-
sidered, and may involve:

axillary dissection for breast cancer

radical neck dissection for head and neck
sites

inguinal node dissection for wvulval, anal
or penile cancers treated with primary
surgery.

A more conservative approach, sentinel
lymph node mapping, is now the standard of
care for breast cancer and melanoma. This
entails identification of the ‘sentinel’ lymph
node. This is the node that is first to receive
lymph from the tumour-bearing tissue. A vital
blue dye and radiolabelled colloid micro-
spheres are injected preoperatively to allow
perioperative identification of the Ilymph
node(s) to be removed. If they are found to be
involved by frozen section analysis or on defin-
itive histological examination, a full lymph
node dissection is mandatory. If this is negative,
it is highly unlikely that other lymph nodes in
that group will harbour cancer cells, and the
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Figure 4.1 Pathological fracture of the right neck of femur (a) before and (b) after internal fixation.

patient may be spared the additional morbidity
of the larger operation. The technique can
allow identification of unusual patterns of lym-
phatic spread, e.g. to the internal mammary
lymph nodes in breast cancer, or the axilla in
truncal melanoma.

Radical excision of nodes is not indicated for:

lymphomas (Hodgkin's disease or non-
Hodgkin’s lymphoma) or leukaemias

those with metastatic involvement at vis-
ceral sites where there may be little or no
quality of life gain by removing enlarged
lymph nodes.

Radiotherapy

Radiotherapy is indicated for surgically inopera-
ble nodes and might succeed in rendering inop-
erable lymph nodes operable. Postoperative
radiotherapy following surgical dissection is
recommended for those patients with multiple
node involvement and extension of tumour

beyond the capsule of the gland. Prophylactic
radiotherapy to sites of potential microscopic
disease is often given when a primary site is
being treated, e.g. pelvic nodes for gynaecologi-
cal malignancy, neck nodes for head and neck
tumours.

Chemotherapy

Chemotherapy might be indicated for enlarged
lymph nodes owing to germ cell tumour, lym-
phoma, metastatic breast cancer or small cell
lung cancer.

PALLIATIVE SURGERY

Even when cure is no longer a realistic aim, sur-
gery can have an important role in the palliation
of local symptoms. Specific examples where
surgery should be considered include:

palliation of obstructive symptoms
control of haemorrhage



Figure 4.2 Uncontrolled bone metastases. This woman
had internal fixation for a pathological fracture of the
mid-shaft of the humerus. This was not followed by
radiotherapy. She has now developed significant bone
lysis compromising the mechanical integrity of the bone.

palliation of tumour fungation
fracture reduction and fixation.

Palliation of obstructive symptoms

Palliative resection of a bowel tumour or a
simple bypass procedure such as a gastro-
jejunostomy will avoid symptoms of intes-
tinal obstruction.

Laser or cryotherapy resection of an
obstructing tumour mass will restore the
lumen of an obstructed bronchus or
oesophagus.

Palliative surgery 39

Intubation of the oesophagus with a rigid
tube or flexible stent provides rapid and
effective relief of dysphagia.

Nephrostomy or passage of ureteric catheters
will relieve obstructive hydronephrosis.
Biliary stents or choledochojejunostomy
will relieve obstructive jaundice owing to
extrahepatic bile duct obstruction as in car-
cinoma of the pancreas.
Gastroenterostomy will relieve gastric out-
flow obstruction.

Rectal stents can be used for rectal obstruc-
tion.

Ventriculoperitoneal shunting of hydro-
cephalus may result in dramatic improve-
ment of headache and neurological deficits
even though the underlying tumour may be
incurable.

Control of haemorrhage

Diathermy at bronchoscopy or cystoscopy
will control haemoptysis or haematuria
respectively.

Bleeding tumours in the oesophagus, stom-
ach or in the large bowel can be controlled
by using diathermy or laser coagulation at
endoscopy.

Palliation of tumour fungation

Local resection, even if not complete, may be of
value for a locally advanced tumour mass that is
necrotic and breaking down. Toilet mastectomy
for a progressive breast cancer is perhaps the
most common example of this.

Fracture reduction and fixation

Pathological fracture of a weight-bearing bone
is best dealt with by internal fixation, as shown
in Figure 4.1, followed by postoperative radio-
therapy. Radiotherapy consolidates the surgical
fixation, maximizing the probability of its secu-
rity in the longer term (Fig. 4.2). In certain cir-
cumstances prophylactic fixation may also be
indicated; specific indications for this include
diffuse lytic bone disease in a weight-bearing
area and destruction of more than 50 per cent
of the cortex by a lytic deposit.
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Self-assessment questions

SELF-ASSESSMENT QUESTIONS

1. Which three of the following are indica-
tions for the surgical treatment of cancer?

@™o AN o

Long waiting time for radiotherapy

. Fracture of a weight-bearing bone

Acute intestinal obstruction

. Hypercalcaemia

Anaemia
Hypoproteinaemia
Intestinal perforation

2. Which one of the following is the most
important feature of preoperative radio-
therapy?

a. Allows treatment of regional lymph
nodes

b. Downstages disease to facilitate surgical
resection

c. Removes need for radiotherapy after
surgery

d. Lessens morbidity from radiotherapy

e. Cost-effective
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Radiotherapy is the use of ionizing radiation to
treat disease. [onizing radiation can be delivered
by X-ray beams, beams of ionizing particles, e.g.
electrons, or by beta or gamma irradiation pro-
duced in the decay of radioactive isotopes.

TYPES OF
RADIOTHERAPY

External beam radiotherapy

External beam radiotherapy is the most
common form of treatment in clinical use. A
range of X-ray beams is available, varying
according to their energy.

Superficial voltage

These X-ray beams are of energy 50-150 kV
and are, as their name implies, suitable for the
treatment of superficial lesions in the skin; their
useful treatment energy penetrates no more
than 1 cm beneath the surface.

Orthovoltage machines

These produce X-rays of energy 200-300 kV
and penetrate to a depth of approximately 3
cm. These are therefore useful for treating

structures such as ribs, scapula or sacrum but
are not sufficiently powerful to reach deeper
internal organs.

Megavoltage machines

These are either linear accelerators producing
high energy X-ray beams of 4-20 MV or cobalt
machines containing a source of cobalt-60,
which decays spontaneously to nickel-60
releasing gamma rays of 1.2 and 1.3 MV. Linear
accelerators form the mainstay of modern clini-
cal radiotherapy and have largely replaced older
cobalt machines in modern radiotherapy
departments. A modern linear accelerator is
shown in Figure 5.1.

Electron beams are also produced by linear
accelerators and have the advantage that, as par-
ticulate radiation beams, they have a defined
range in tissue with a sharp cut-off at the point
where they deliver their energy. This is of value
where a tumour is superficial and particularly
when it is overlying a radiosensitive structure
such as the spinal cord. In many centres elec-
tron beam treatment has replaced older superfi-
cial and orthovoltage X-ray machines, providing
a wide range of beams with varying effective
treatment depths from the linear accelerator.
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Figure 5.1 A modern linear accelerator.

Brachytherapy

This is the use of radioactive sources placed
either on or within a site involved with tumour.
The great advantage of this form of treatment is
the rapid fall-off in dose at only a short distance
from the source (obeying the inverse square
law). There are three types of brachytherapy in
use:

Mould treatment This uses sources placed
directly over a superficial tumour of the
skin fixed in a plastic mounting (the
mould).

Intracavitary treatment This uses radioactive
sources placed within a body cavity.
Intrauterine tubes and vaginal sources in the
treatment of gynaecological tumours are a
common application of this technique.
Interstitial treatment This uses radioactive
sources, which may be in the form of nee-
dles or wire inserted directly within the
area of interest. This technique is used for
cancer of the tongue, floor of mouth and
breast.

The first isotope to be employed was radium.
This is no longer used because it constitutes a
major radiation hazard as it has a long half-life
(1620 years) and decays to a radioactive gas
(radon). It has been superseded initially by
cobalt sources and currently by caesium and
iridium as the principal isotopes used for
brachytherapy.

Direct handling of live sources is most com-
monly used today when iodine or palladium
seeds are used for prostate implants. While the
radiation from iodine-125 is short range and
poses no major radiation hazard, that from irid-
ium is more penetrating and its use has major
disadvantages in exposure of staff and patients
within the hospital to radiation from the time of
insertion to the time of removal, which may be
several days. This means that careful monitoring
is required and that there are limits to the time
that individuals can spend in caring for the
patient. It also means that friends and family are
not permitted to be with the patient.

Live source implants

Manual afterloading

In this method, inactive source carriers are used
initially to enable accurate siting of the treat-
ment so that the patient can be moved within
the hospital from theatre or the X-ray depart-
ment without radioactive sources in place. The
active isotope is introduced manually once the
inactive carrier is correctly placed. This enables
more accurate placement not constrained by
the need for rapid placement and long handled
instruments required when a live source is used.
Loading can be done in the operating theatre or
once the patient has returned to a protected
room and postoperative recovery is complete.
An example is the use of iridium wire hairpins
for tongue and floor of mouth implants.

Remote afterloading

Following placement of the source carriers, the
radiation sources are introduced by remote con-
trol via pneumatic pipes or a cable connected to
the source carriers within the patient. This
system minimizes exposure to staff and in prac-
tice means that only the patient is exposed to
radiation. It is also possible to interrupt the
treatment so that the patient can receive atten-
tion without further exposing hospital person-
nel and there are no time limits on their stay. A
modern afterloading machine is shown in
Figure 5.2.

All such treatments require the patient to be
isolated in a protected room with thickened or
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Figure 5.2 A modern brachytherapy afterloading
machine, which uses a small iridium source located in
the head of the machine that passes out by remote
control through a series of channels to deliver radiation
into applicators within a tumour area connected to these
outlets. (Courtesy of Varian Medical Systems)

shielded walls, floors and ceilings while the
source is in position in the patient.

Remote afterloading can deliver radiation at
different dose rates but increasingly older
‘medium dose rate’ systems are being replaced
by high dose rate machines, which deliver the
dose in only a few minutes. This has substantial
advantages in radiation protection and means
that the patient no longer needs prolonged peri-
ods of isolation to receive brachytherapy.

Internal isotope therapy

Internal isotope treatment involves the adminis-
tration of a radioactive isotope systemically,
which is then concentrated within the body at
certain sites. Specific examples of this form of
treatment are the use of radioiodine (**'I) for thy-
roid cancer and also neuroblastoma when conju-
gated in meta-iodobenzyl guanidine (mIBG),

phosphorus (*?P) for polycythaemia rubra vera
and strontium (*Sr) for bone metastases.

OTHER FORMS OF
RADIATION

There are types of radiation other than X-rays
or gamma rays that can be used therapeutically.
These are either radiation, which causes greater
biological damage along each path track it trav-
erses — high linear energy transfer (LET) radia-
tion — or beams that have a highly focused
deposition of radiation (Bragg peak).

Neutrons

Neutrons have been evaluated extensively in a
number of centres across Europe and the US.
Their advantages are that they have less
dependence on oxygen for cell killing, a recog-
nized limitation for X-rays, and they cause
more direct damage to the cellular DNA. While
there is little doubt that they are more effective
at achieving cell kill, they are not selective for
cancer cells and their use has been accompa-
nied by unacceptably high levels of normal
tissue damage and severe late side-effects. They
are therefore not in routine clinical use.

Protons

Protons are available in an increasing number of
centres around the world. Their advantage is
the production of a highly localized, high-
energy peak of energy deposition, which, by
manipulation of the beam energy and the use of
absorbing materials, can be focused to a defined
position in a patient. Biologically they are simi-
lar in action to X-rays. They have been used
particularly for tumours in inaccessible sites
such as the back of the eye, pituitary and base
of skull, and are being applied to many other
sites as experience and accessibility increases.

BIOLOGICAL ACTIONS OF
IONIZING RADIATION

Ionizing radiation causes damage to cellular
DNA by two mechanisms:




direct damage caused by the passage of the
photon through the nucleic acid structure
indirect damage owing to the production of
toxic free hydroxyl radicals from the inter-
action of radiation with water within the
cell. This results in single and double strand
breaks in the DNA, which, unless repair
occurs, will accumulate, resulting in repro-
ductive death of the cell.

Other factors important in the response to
radiation include:

Oxygenation Hypoxic tissues are considered
relatively radioresistant. Delivery of radio-
therapy in multiple fractions allows reoxy-
genation to occur between each treatment
as the tumour shrinks and blood flow
improves.

Repopulation Both tumour tissue and
normal tissues continue to divide during a
course of radiotherapy and there is even
some evidence to suggest that repopulation
may increase during this time as cells are
lost. Gaps within a radiotherapy schedule
should therefore be avoided wherever pos-
sible to avoid significant repopulation
undoing any effects from irradiation in the
previous days.

Repair Much of the damage produced by
X-rays and gamma rays is not sufficient to
kill the cell immediately (sublethal
damage). Repair of such damage will mean
that the cell retains its viability. This capac-
ity is better developed in normal tissues
than in many malignant tumours, which
accounts for much of the differential cell
kill between tumour and normal cells.
Redistribution Radiosensitivity varies as
cells progress through the cell cycle, being
maximum during the periods of active
DNA synthesis in late G1 and S phases and
least during G2 and early M phases.

There is a spectrum of radiosensitivity for
both tumour and normal cell types. Few, if any,
tumours are truly radioresistant, although some
may require a larger dose of radiation than
others to achieve the same effect. There is also a
wide spectrum of sensitivity in normal tissues.
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Particular care is required with certain normal
tissues when irradiation is delivered:

CNS tissue has a relatively low threshold for
damage and has little or no capacity for
repair. Radiation damage to the CNS is
therefore often irreversible and can result in
catastrophic morbidity if, for example, necro-
sis of the spinal cord or brainstem results.
The small bowel is also relatively sensitive
and doses well below those required to ster-
ilize an epithelial tumour will cause serious
damage.

The lens of the eye will develop cataract
after exposure to only small doses and must
therefore be carefully shielded whenever
possible.

Bladder and rectum are often dose-limiting
tissues when pelvic tumours are treated.
Lung damage occurs at around half the
dose required to treat a lung cancer;
damage to a large volume of lung will result
in respiratory distress and even death from
respiratory failure.

The balance between causing serious normal
tissue damage and curing a malignant tumour is
termed the ‘therapeutic ratio’. Compromise of
radiation dose to avoid excessive toxicity is the
major limitation in successfully achieving local
cure of malignant tumours with radiotherapy.

CLINICAL USE OF
RADIOTHERAPY

The patient attending for radiotherapy treat-
ment will pass through a series of steps to
ensure that treatment is given as accurately and
safely as possible. These include:

patient positioning and immobilization
tumour localization

treatment planning

verification

treatment.

Positioning of a patient

This is very important in order to enable an X-
ray beam to reach a certain site. It is particularly
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Figure 5.3 Patient in position for treatment to the orbit
demonstrating immobilization mask.

the case in the head and neck region where
small changes in the position of the neck or
chin can greatly affect the tissues included in an
X-ray beam.

In order to reproduce a particular position
accurately, some form of immobilization may be
designed, such as a plastic head shell to hold the
head in a fixed position as shown in Figure 5.3.

Tumour localization

Localization can be achieved by simple clinical
examination as in the case of a skin tumour;
plain X-rays as in bone metastases; or a CT scan

=

E;

for tumours in the thorax, abdomen or pelvis.
Alongside this, it is important to identify vital
structures to be avoided such as the spinal cord
or kidney.

Treatment planning

This defines the optimal arrangement of X-ray
beams to cover the treatment area as evenly as
possible while avoiding structures around it. At
its simplest level this may be a single direct
electron beam for a skin tumour; for internal
tumours a more complex arrangement of two,
three or four X-ray beams approaching from
different directions may be required. Treatment
plans of multiple beams are drawn up using
computerized data describing the characteris-
tics of the beam and enabling rapid addition of
their effects at a point.

Conformal radiotherapy using external X-ray
beams shapes the high-dose treatment area as
closely as possible to that of the tumour
volume, even where this may be a highly irreg-
ular shape, while avoiding adjacent sensitive
normal structures. This requires accurate three-
dimensional reconstruction of the volume to be
treated and irregular beam shaping using lead
blocks, or more commonly a multileaf collima-
tor shaping the beam typically by 80 or 120
interleaved projections into the beam, which
can be adjusted as required. An example is
shown in Figure 5.4.

Figure 5.4 On left, beam’s eye view
(BEV) of planning scan pictures from a
radiotherapy plan to treat the pelvis,
demonstrating position of the beam
and shaping using the multileaf
collimator. On the right, an electronic
portal image (EPI) has been taken
using the high energy linear
accelerator beam prior to a treatment
exposure to verify the beam size,
shape and position. Note the loss of
definition between bone and soft
tissue characteristic of high energy
(megavoltage) X-rays.



Intensity-modulated radiotherapy (IMRT) is a
further development, which varies the dose
delivered within a tumour volume. This means
that a central high-dose region can be defined
surrounded by a lower dose region, minimizing
inclusion of normal tissues, all within the same
treatment volume.

Stereotactic radiotherapy is a means of treating
a small spherical volume to a high dose and is
typically used for localized lesions in the brain.
This can be achieved using a standard linear
accelerator with a modified beam producing a
small focused field, which builds up the high-
dose volume using a series of rotating arc move-
ments. Modern developments of this include
tomotherapy and the ‘cyberknife’, which incor-
porate a megavoltage X-ray beam in a gantry
capable of multiple arcs controlled by software
that enables variable beam profiles during the
arc to build up a complex localized dose distri-
bution. The alternative approach is to use the
Gammaknife®. This is a machine containing
multiple cobalt sources each with its independ-
ent shield which can be opened to focus on the
treatment volume in a spherical pattern. Such
machines are only available in a few specialized
units.

Verification

Verification entails ensuring that the treatment
plan can be translated back to the patient in the
defined treatment position. This is usually done
on a machine called a treatment simulator,
which reproduces precisely the movements of
the treatment machine but produces only a
diagnostic X-ray beam so that an X-ray picture
of the proposed treatment beam can be taken.
Further verification when the actual treat-
ment starts is essential, particularly if complex
beam shapes or lead shielding are to be
employed. Megavoltage images can be taken
using the linear accelerator beam. Their disad-
vantage is that, because they interact in a differ-
ent manner to low-energy X-rays, there is no
differential absorption between bone and soft
tissue, resulting in poor anatomical definition;
this is shown in Figure 5.4. Modern linear accel-
erators also incorporate a kilovoltage X-ray
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tube on the gantry, which enables cross-
sectional imaging to be acquired at the time of
treatment. This has the advantage of providing
information on the soft tissues within the beam
to be exposed, which cannot be identified from
conventional beam verification images.

Treatment only proceeds once it is certain
that the defined area to be treated will be
encompassed using the planned X-ray beams.
During treatment the patient will be continu-
ally monitored by the radiographers and seen
regularly by the medical staff. In a radical treat-
ment, verification images will typically be
repeated daily for the first 3 days and then once
a week to ensure the beam positioning is consis-
tent throughout. Specific additional measure-
ments of radiation exposure can be taken using
dosimeters placed on vital areas, such as the eye
or testes, and further verification X-rays taken
during the course of treatment.

Image-guided radiotherapy is the latest devel-
opment to ensure that the radiation beam fol-
lows as closely as possible the planned volume
and avoids normal structures. This has evolved
with the increasing recognition that, during a
few minutes of radiation exposure and between
daily exposures, there may be critical changes,
for example bladder filling, rectal and bowel dis-
tension, respiratory and cardiac movements,
which will alter the anatomical relations of the
treated radiation volume. The use of imaging
immediately prior to exposure with markers,
such as small metallic clips or gold grains fixed
in the tissue, will allow adjustments to the beam
to be made immediately prior to radiotherapy
being delivered. Complex techniques for expo-
sure to be matched to phases of the respiratory
cycle, termed gating, are also available to opti-
mize delivery to tumours in the lung.

Treatment duration

There is considerable variation in the dose and
duration of radiotherapy treatment given to
patients, which can appear confusing. Neither
the total number of treatments nor the total
dose given are necessarily a guide to the biolog-
ical dose of radiation delivered. There are three
components to biological radiation dose:
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total dose

number of treatments (fractions) of a given
dose

overall time of treatment.

The following general principles can be
applied:

The same total dose given in a short time or
fewer fractions has greater effect than the
same dose given over a longer time in many
fractions.

Fraction size is an important determinant of
normal tissue damage: small fractions mini-
mize normal tissue effects. However, it fol-
lows from the previous point that, if used,
small fractions demand a longer course of
treatment with a higher total dose to have
the same effect.

Overall treatment time is important in
achieving tumour control. Delays and inter-
ruptions in a course of treatment should be
avoided as should overall treatment times
of greater than 6-7 weeks.

The unit of radiation dose used is the Gray
which is a measure of absorbed energy (1 Gy =
1 joule per kilogram). This has replaced the rad
but the conversion is simple: 1 Gy = 100 rads.
In some centres in order to keep the actual
numbers the same, doses are described in
centigray since 1 cGy = 1 rad.

Precise radiation schedules vary from centre
to centre and between individual clinicians,
however, some generalizations can be made. A
fundamental difference lies between palliative
and radical doses.

Radical treatments require high doses of radi-
ation to eliminate tumour but are divided into
smaller fractions to minimize side-effects and
remain within the tolerance of normal tissues.
Examples of radical schedules include:

60-70 Gy
weeks

55 Gy in 20 fractions in 4 weeks or 50 Gy
in 15 fractions in 3 weeks.

in 30-35 fractions in 6-7

Palliative treatments require short schedules
with few acute side-effects. The ideal palliative
treatment is a single dose and many centres use

this routinely, while others treat over 1-2
weeks. Examples include:

8-10 Gy in a single dose
20 Gy in 5 daily fractions over 1 week or
30 Gy in 10 daily fractions over 2 weeks.

SIDE-EFFECTS OF
RADIOTHERAPY

The toxicity of radiotherapy is divided into two
distinct groups: the early effects, which occur
during treatment, and the late effects, which
come on months or years following treatment.

Early effects

These develop during treatment usually in the
second to third week of a course of radical irra-
diation. They may be divided as follows:

Non-specific effects Many patients feel tired
and lack energy during treatment. There
may be many factors in addition to radia-
tion exposure to account for this, including
depression, anxiety, travelling daily to treat-
ment and concomitant medication.

Specific local effects related to the area being
treated It is important to note that areas
outside the irradiation field do not exhibit
acute toxicity. Examples are shown in Table
5.1 together with suggested treatment. As a
general principle, these are all self-limiting
effects, which resolve spontaneously after
treatment, their pathogenesis being related
to temporary loss of cell division at an
epithelial surface.

Late effects

These are potentially the most serious effects of
treatment since, unlike the acute effects, they
are not self-limiting and indeed tend to be pro-
gressive and irreversible. They arise owing to
loss of stem cell recovery potential and progres-
sive damage to small blood vessels resulting in
their occlusion (endarteritis obliterans).
Fortunately in practice they are rare but any
radical treatment dose will carry a risk of late



TABLE 5.1 Acute effects after radical radiotherapy

Radiation protection

49

Site Effect Treatment
Skin Erythema leading, if severe, Minimal; avoid irritants, trauma
to desquamation Aqueous or weak hydrocortisone cream

Bowel Diarrhoea/colic Low residue diet
Codeine or loperamide

Bladder Frequency/dysuria Exclude infection

Scalp Hair loss Order wig in advance; hair will regrow after
palliative but not radical doses

Mouth/pharynx Mucositis Avoid irritants and alcohol; treat candidiasis;

topical chlorhexidine or benzydamine

TABLE 5.2 Late effects after radical radiotherapy

Site Effect Treatment

Skin Fibrosis; telangiectasia; rarely necrosis Usually none

Bowel Stricture; perforation; bleeding fistulae If severe, resection of affected segment
Bladder Fibrosis causing frequency; haematuria; fistulae If severe, surgical resection

CNS Myelitis causing paraplegia; cerebral necrosis None

Lung Fibrosis None

damage becoming manifest in the months and
years ahead. They are not usually seen before 6
months after treatment but there is an ongoing
risk, which is never entirely lost. Examples of
late effects are given in Table 5.2.

Finally, the risk of inducing second malignancy
should be considered. In practice this is exceed-
ingly rare and invariably outweighed by the risk
from the established malignancy for which radia-
tion is given. A clear pattern is recognized with
leukaemia or lymphoma seen in the first few
years after exposure, reaching a peak incidence
around 3 years and not seen after 10 years. In
contrast solid tumours have an increasing risk
with time, are rarely seen before 10 years and
may occur 30 years or more after exposure.

The greatest risk may be associated with low-
dose exposure and there are many historical
examples after treatment of benign disease such
as tinea capitis, goitre and ankylosing spondyli-
tis. After therapeutic radiation the risk is small
but there is some evidence that this may be
increased in patients who receive combined
modality treatment with the addition of
chemotherapy. This has recently become appar-
ent in long-term survivors of lymphoma treat-

ments in whom the risk of a second tumour
after 20 years is around 15 per cent.

RADIATION PROTECTION

Indiscriminate use of radiation is dangerous.
There are strict regulations surrounding its use
for medical purposes to ensure that exposure to
staff visitors and patients is kept to an absolute
minimum. This is achieved by physical separa-
tion and protection from the sources of radia-
tion and subsequent monitoring of exposure in
those at particular risk.

Separation and protection

Radiotherapy machines are localized in one
area or even in a separate hospital. Their design
incorporates shielding of scattered radiation to
produce a defined beam, the penetration and
qualities of which are carefully measured and
maintained. They are housed within a room
designed to contain the radiation, using lead
barriers within the walls for low-energy beams
and thick high-density concrete walls for high-
energy beams.
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Similarly, radioisotopes are stored under
carefully controlled conditions in a radiation
safe and administered to the patient in a desig-
nated area, again designed to contain any radia-
tion exposure. Patients having implants or high
doses of radioiodine will be isolated in single
rooms that have additional shielding to prevent
radiation reaching other areas of the ward. Staff
are given strict time limits to be spent with the
patient. Visitors are usually not permitted while
there are high levels of radioactivity present.

Radiation monitoring

All staff involved in the direct care of patients
receiving radiation treatment will be designated
as workers who require regular monitoring for
radiation exposure. The mainstay of monitoring
is the film badge worn by these staff which,
when processed, will detect those who may
have been inadvertently exposed to radiation.
There are clearly defined exposure limits for
adults within which all personnel must remain.
All departments must have local rules regarding
the handling and use of radiation sources and
staff must be fully acquainted with these.

It is important to keep the dangers of radia-
tion as used under controlled medical condi-

tions in context, while not relaxing the rules
governing its use. There is no evidence that hos-
pital workers are at greater risk than the general
population from malignant disease. The entire
population is exposed to levels of background
radiation and many other common daily activi-
ties carry a greater risk than low-level exposure.
For example, it has been estimated that all of
the following activities carry a one in a million

risk of death:

driving for 65 miles

flying in civil aircraft for 400 miles
smoking less than one cigarette
drinking half a bottle of wine.
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SELF-ASSESSMENT QUESTIONS
1. Which of the following best describes

5. When the clinical use of radiotherapy is

radiotherapy?

It uses non-ionizing radiation

It is a useful systemic treatment for cancer

It can use beams of ionizing particles

. Toxicity is usually limited to acute
effects during treatment

e. It is suitable for tumours at any site

o o

2. Which of the following applies to

megavoltage X-ray machines?

a. They are useful for diagnostic X-ray
production

b. They are usually portable

c. They can be used to produce neutrons
for superficial radiotherapy

considered, which of the following is
correct?

a.

b.

Palliative treatments will require high
total doses

Radical treatments are best given in
large daily fractions

A typical radical dose would be 30 Gy
in 10 daily fractions

. Single doses are the best palliative

treatment if effective
Radical doses work best when delivered
slowly over a long time

6. Which three of the following are
recognized acute effects of radiotherapy?

d. They can have a radioisotope for their a. Copstipation
radiation source b. Peripheral neuropathy
e. They are commonly used for c. Skin erythema
brachytherapy d. Cataract.
e. Dysphagia
3. Which three of the following are important f. Dysuria
in modifying the response of radiotherapy g- Lymphoedema

in the cell?

7. Which three of the following are

a. White cell count d.urir.lg irr.ad?ation recognized late effects of radiotherapy?
b. Oxygen levels during irradiation a. Peripheral neuropathy
c. RNA repair after irradiation b. Skin fibrosis
d. Cell repopulation after irradiation e Catmmcs
e. Phase of cell cycle during irradiation d. Constipation
f. Water content of the cell during e. Dysuria
1rrad1a"c1f>n S f Lymphoedema
g. Interstitial pressure during irradiation g. Fatigue

4. Which of the following statements is

correct regarding radiation dose?

a. Total dose alone will indicate the
biological effect

b. The same dose given over a longer time
is more effective

c. A dose is most effective given in
multiple small doses (fractions)

d. Large doses per fraction are more
effective than smaller fractions

e. The overall time is more important than
the dose per fraction

8. With regard to radiation protection, which
of the following is correct?

a.

b.

There is no significant risk from doses
used in clinical practice

High energy beams are shielded behind
lead screens

Patients receiving radioisotope therapy
can be visited regularly

. Hospital workers have higher rates of

exposure than the public
The entire population is exposed to
radiation
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Cancer chemotherapy is the treatment of
malignant disease with drugs rather than radia-
tion or surgical removal. The drugs used are
often highly toxic since they are rarely totally
selective for cancer cells. They should therefore
be given within an oncology unit by those expe-
rienced in their use.

Systemic therapy can be used alone or, more
commonly, in combination with surgery or radio-
therapy as an adjuvant to enhance local control
and to attack potential sites of metastases.

CHEMOTHERAPY
AGENTS

Cancer chemotherapy agents act upon cell divi-
sion, interfering with normal cell replication.
They can be broadly classified as follows:

Drugs acting on the structure of DNA
antimetabolites

— alkylating agents

— intercalating agents

— topoisomerase inhibitors

Drugs acting on mitosis

Signal transduction inhibitors

Drugs inducing apoptosis

Drugs targeting the tumour vasculature
— antiangiogenesis

— vascular disrupting agents.

Drugs acting on the structure of DNA

Antimetabolites

These function at the level of DNA synthesis,
interfering with the incorporation of nucleic
acid bases (cytosine, thymine, adenine and gua-
nine). These can be classified into two groups:

Drugs based on chemical modification of a
nucleic acid so that the drug rather than
the true nucleic acid is incorporated into
the DNA, thereby preventing accurate
replication of the complementary base
sequence. 5-Fluorouracil (5FU) is the clas-
sical example now available as an oral pro-
drug  capecitabine.  Others include
gemcitabine, cytosine arabinoside and flu-
darabine. These drugs may also have addi-
tional modes of inhibiting DNA synthesis,
e.g. the inhibition of thymidine synthetase



by 5FU and of ribonucleotide reductase by
gemcitabine.

Drugs which inhibit reduction of folic acid
(essential for the transfer of methyl groups
in DNA synthesis) from its inactive dihy-
drofolate form to the active tetrahydrofo-
late, e.g. methotrexate.

Alkylating agents

These directly interfere with the DNA double
strand of base pairs by chemically reacting with
the structure, forming methyl cross-bridges.
These then prevent the two DNA strands
coming apart in mitosis to form daughter DNA
fragments, and division therefore fails. Drugs in
this group include cyclophosphamide, chloram-
bucil, melphalan, mitomycin C and the
nitrosoureas BCNU and CCNU.

Intercalating agents

These act in a similar way to the alkylating
agents but, rather than directly forming cross-
strands in the DNA molecule, they bind
between the base pair molecules, i.e. binding
adenine to thymine and cytosine to guanine.
This again prevents the DNA double strand
from dividing in order to replicate, preventing
cell division. Platinum compounds (cisplatin,
oxaliplatin and carboplatin) act by binding
specifically to guanosine, forming DNA adducts
that cross-link either within one DNA strand or
across strands. Other compounds, active
through DNA intercalation, are the anthracy-
cline group of drugs (Adriamycin, epirubicin
and idarubicin).

Bleomycin is not a true intercalating agent
but does partially intercalate with DNA and
produces direct DNA damage through forming
a complex with iron, resulting in the produc-
tion of reactive toxic products.

Topoisomerases inhibitors

Topoisomerases are enzymes that control the
tertiary coiling of DNA molecules. Two main
classes are recognized: topoisomerase I and II.
The camptothecin group of drugs including
topotecan and irinotecan are topoisomerase I
inhibitors, and the podophyllotoxins, etoposide
and teniposide, are topoisomerase II inhibitors.
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Drugs acting on mitosis

Mitosis requires spindle formation essential in
the sorting and moving of chromosomes fol-
lowing replication at the end of mitosis. Spin-
dle formation is affected through two
mechanisms:

spindle poisons: the vinca alkaloids (vin-
cristine, vinblastine and vindesine)

tubulin polymerization resulting in abnor-
mal spindle formation and thereby cell
death. The taxane group of drugs (pacli-
taxel and docetaxel) are cytotoxic through
this mechanism.

Microtubule formation is also affected by
podophyllin and so etoposide and teniposide
both inhibit spindle formation in addition to
their effects through topoisomerase.

Signal transduction inhibitors

Communication within and between cells is
mediated by extensive biochemical interactions
triggered by cell surface receptors. Tyrosine
kinases are a frequent component of these cas-
cades, particularly those related to the epider-
mal growth control receptor (EGFR) and
angiogenesis (VEGF and PDGF). They are
therefore a potential target for new drug devel-
opment. Drugs which act primarily through
inhibition of tyrosine kinases include imatinib,
gefitinib, sorafenib and sunitinib.

Drugs inducing apoptosis

A new class of drugs, proteosome inhibitors,
has emerged, which enhance apoptosis in a
population of tumour cells. Proteosomes are
large protein complexes within the cell, which
regulate the degradation and removal of pro-
teins. Inhibitors of proteosomes have been
shown to enhance apoptosis by disrupting the
ordered degradation of proteins controlling the
cell cycle. The most successful agent in this
group is bortezomib which is now the recog-
nized treatment for recurrent multiple
myeloma.
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Drugs targeting the tumour
vasculature

New blood vessel formation is an essential pre-
requisite for a tumour to become established
and remain viable. VEGF is an important com-
ponent in this process. Tumour blood vessels
differ from normal vasculature forming a
random chaotic network with little structure
and variable flow controlled primarily by fluctu-
ations in interstitial pressure. Both the formation
of blood vessels (angiogenesis) through VEGF
and the new blood vessels themselves are there-
fore potential targets to inhibit tumour growth.

Antiangiogenic drugs include bevacizumab,
which is a monoclonal antibody to the VEGF
receptor, and sorafenib which inhibits signalling
from the VEGF receptor through tyrosine
kinase inhibition. Thalidomide and lenalido-
mide, both used in multiple myeloma, also have
antiangiogenic activity, although their main
mode of action may relate to inhibition of IL-6
and immunomodulatory effects.

Vascular disrupting agents (VDAS) target the
stucture of the blood vessels and prevent their
proliferation. Examples include combretastatin-
4 phosphate and its analogues.

Because of their mode of action, certain
drugs require cells to be in specific phases of the
cell cycle to have any effect. For example, those
acting on synthesis of DNA will act only on
cells actively synthesizing at the time they are
exposed to the drug. Cytotoxic drugs are there-
fore further classified into:

phase-specific drugs, which act only in a spe-
cific phase of the cell cycle, e.g. antimetabo-
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lites during S phase and vinca alkaloids in
M phase

cycle-specific drugs, which require that cells
are only dividing and passing through the
cell cycle rather than being in the resting
GO phase. These include the alkylating
agents and intercalating agents.

EFFICACY AND TOXICITY
OF CHEMOTHERAPY

Although in principle all cycling cells should be
sensitive to drugs that act on the cell cycle, in
practice chemotherapy for most cancers is only
modestly effective. This is due to a variety of
reasons related to drug delivery to the cell and
activation or deactivation within the target
cells. Precise indications for the wuse of
chemotherapy are detailed in the following
chapters but in general the common malignant
diseases can be broadly classified into three
groups:

those extremely sensitive to chemotherapy
where this is the treatment of choice

those with modest sensitivity where
chemotherapy may play a part in their
management but usually in combination
with other treatment as an adjuvant or for
recurrent disease

those where chemotherapy is only of lim-
ited value in the palliation of advanced dis-
ease.

Examples of this classification are given in

Table 6.1.

TABLE 6.1 Classification of common malignant diseases according to their sensitivity to chemotherapy

Group 1: High sensitivity

Group 2: Modest sensitivity

Group 3: Low sensitivity

Leukaemias Breast
Lymphomas Colorectal
Germ cell tumours Bladder
Small cell lung cancer Ovary
Myeloma Cervix

Neuroblastoma
Wilms’ tumour
Embryonal rhabdomyosarcoma

Prostate

Kidney

Primary brain tumours
Adult sarcomas
Melanoma




Response and survival

In describing the efficacy of chemotherapeutic
agents, there are internationally accepted
response criteria, the RECIST (Response Evalu-
ation Criteria in Solid Tumours) criteria (see
also page 30), defined as follows:

Complete response (CR) — complete reso-
lution of all clinically detectable disease
Partial response (PR) — a reduction in the
longest diameter of a tumour of at least 30
per cent

Stable disease (SD) — small changes with a
response less than a partial response or pro-
gression less than a 20 per cent increase in
measurable disease during the period of
observation

Progressive disease (PD) — an increase in
measurable disease of at least 20 per cent
during the period of observation, or the
development of any new lesions.

It is important to interpret with care
response data derived from clinical trials. Unless
an agent or drug combination achieves a com-

TABLE 6.2 Scales for performance status
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plete response in a significant proportion of
patients, it is unlikely to have any impact on
overall survival when used to treat that disease
in the general population. Partial responses may
be of value in delaying progression of a disease
but, since they represent only a very small
decrement in total cancer cell burden, signifi-
cant effects on overall survival are unlikely.
With this in mind, performance status and
quality of life measures are becoming an
increasingly important measure of the efficacy
of cancer treatment. Numerous scales of per-
formance status have been devised, usually
based on a 4 or 5 point scale ranging from
normal to moribund. A common example is the
WHO performance scale shown in Table 6.2.
Quality of life measures are more complex;
they should be completed by the patient and
will involve a structured questionnaire often
divided into domains evaluating different
aspects of the patient’s activity, e.g. physical
activity, pain and specific symptoms, emotional
response, social interaction and financial
impact. The most widely used quality of life
questionnaires are the EORTC QLQ-C30 and

Score Status

Karnofsky

100 Normal; no complaints; no evidence of disease

90 Able to carry on normal activities; minor signs or symptoms

80 Normal activity with effort, some signs or symptoms of disease

70 Cares for self; unable to carry on normal activity or do active work

60 Requires occasional assistance but able to care for most needs

50 Requires considerable assistance and frequent medical care

40 Disabled; requires special care and assistance

30 Severely disabled; hospitalization indicated although death not imminent

20 Very sick; hospitalization necessary; active supportive treatment necessary

10 Moribund; fatal processes progressing rapidly

0 Dead

WHO

0 All normal activity without restriction

1 Restricted in physically strenuous activity but ambulatory and able to do light work

2 Ambulatory and capable of all self-care but unable to carry out any work. Up and about
>50% of waking hours

3 Capable of only limited self-care, confined to bed or chair >50% of waking hours

4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair
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the FACT (Functional Assessment of Cancer
Therapy).

CLINICAL USE OF
CHEMOTHERAPY

Cytotoxic drugs can be given as single agents
but are more usually given as multiple drug
combinations. The major limitation in using
these agents is toxicity to normal tissues.
Because the majority are non-specific in their
action, both malignant and normal cells are
damaged when exposed to a cytotoxic drug.
When the drugs are used within their defined
dose limits, the normal cells will recover and it is
the need for this window of recovery that results
in the typical intermittent scheduling of these
agents, most being given at 3—4 weekly intervals.

Common limiting toxicities are bone marrow
suppression, bowel toxicity, and renal and neu-
rological damage. The major limiting factors for
specific drugs are shown in Table 6.3.

Combination chemotherapy

For most malignancies, combinations of drugs
are more effective than single agents. These are
designed by adding together modestly active
agents to give greater overall activity and choos-
ing agents with different dose-limiting toxicities
so that the antitumour effect but not the toxic
effect is additive or synergistic. Combinations
also aim to incorporate drugs from different
classes thereby attacking cells with both phase-
and cycle-specific agents with the intent of tar-

TABLE 6.3 Major toxicities for chemotherapeutic agents
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geting as many cells in the population as possi-
ble. An example of spreading limiting toxicities
is shown in Table 6.4 with R-CHOP used for
non-Hodgkin’s lymphoma.

Combination therapy can also involve the
use of a non-chemotherapy agent with a cyto-
toxic drug to enhance its activity. The most
common example of this in clinical use is the
addition of folinic acid to 5-fluorouracil (5FU),
which approximately doubles its response rates
in the treatment of colorectal cancer. This
works because administered folinic acid
increases intracellular concentrations of folate,
which is an essential cofactor in the incorpora-
tion of 5FU into RNA and also its action in
inhibiting thymidylate synthetase, an important
enzyme in DNA synthesis.

DRUG RESISTANCE

Resistance to chemotherapy drugs can be an
intrinsic property of a malignant cell but can
also be acquired after exposure to individual
drugs. Mechanisms of resistance include:

altered biochemical pathways to avoid spe-
cific pathway blocks, e.g. modified folate
use to avoid dihydrofolate reductase block
with methotrexate

altered cell transport mechanisms to pre-
vent drug concentration in cancer cell by
either reduced uptake or enhanced efflux
altered drug metabolism increasing clear-
ance or reducing drug activation; and
impaired mechanisms of apoptosis (pro-
grammed cell death).

Tissue affected Toxic agents

Bone marrow*

All drugs, in particular vinblastine, etoposide, carboplatin, cyclophosphamide,
melphalan, ifosfamide, paclitaxel

Bowel Melphalan, cisplatin, 5FU, irinotecan, methotrexate
Renal Methotrexate, cisplatin, ifosfamide

Neurological Cisplatin, vincristine, ifosfamide, paclitaxel
Cardiac Adriamycin, 5FU

Bladder Cyclophosphamide

* In practice, bone marrow toxicity is becoming less important as a limiting toxicity as techniques for bone marrow
support, such as autologous marrow or peripheral stem cell transplantation, become available.
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Drug Action Main toxicity

Rituximab Complement activation  Allergy, anaphylaxis
Cyclophosphamide Alkylating agent Bone marrow, bladder

Adriamycin Intercalating Bone marrow, cardiac

Vincristine Spindle poison Neurological (peripheral neuropathy)

Prednisolone Unknown

Fluid retention and weight gain, gastric irritation,

hyperglycaemia

It is often found that resistance to a number
of drugs develops together, a phenomenon
called ‘multidrug resistance’ (MDR). This is
thought to result from common molecular
mechanisms related to specific DNA sequences.
Identification of one particular genetic change
in drug resistance has led to isolation of the
MDRI gene and the protein for which it codes,
a transmembrane glycoprotein important in cell
transport. As mechanisms of resistance are elu-
cidated, strategies to overcome them are
emerging. For example, transmembrane trans-
port can be modified by drugs such as vera-
pamil and cyclosporin inhibiting the efflux of
drugs away from the cell.

ADMINISTRATION OF
CHEMOTHERAPY

Chemotherapy should be administered only in
specialized units with the experience and sup-
port to do so safely. Most of the agents used can
be harmful if there is continuous contact with
the skin and even more so if accidentally
ingested through contamination of hands and
work surfaces. Agents should therefore be pre-
pared by a specialized chemotherapy pharma-
cist under strictly controlled conditions, and
gloves should be worn by the clinical staff when
they are administering the drugs.

Prior to administration of drugs, all patients
should have a full blood count measured. In
varying circumstances and with different drugs
the criteria for safe administration will vary but
a general guide is that chemotherapy should
only be given if the following parameters are
met:

haemoglobin >10 g/dL. - although this is
rarely a limiting factor and it is acceptable
to proceed at lower levels and transfuse if
necessary

total white count >3.0 x 10%/L and total
neutrophil count >1.0-1.5

platelets >50-80 x 10°/L.

For certain drugs renal function must also be
carefully checked prior to administration of
drugs. It is not usually sufficient to rely on
serum urea or creatinine, and a measure of cre-
atinine clearance should be performed. This
applies in particular to the following:

cisplatin

carboplatin

ifosfamide

methotrexate (high dose).

Because of the close relation between serum
levels and creatinine clearance, the dose of car-
boplatin is usually defined by a formula (the
Calvert formula), which relates the predicted
area under the serum concentration versus time
curve (AUC) to the clearance. This enables the
drug to be given relatively safely, even where
renal function is impaired, with a predictable
AUC after administration.

Chemotherapy drugs can be given orally, by
intravenous or intramuscular bolus injection or
by intravenous infusion. Examples of these are
shown in Table 6.5.

Many chemotherapy drugs are severe irri-
tants when injected outside a vein and extreme
care must be taken during intravenous injec-
tions. These should be performed ideally by
experienced staff working in a dedicated
chemotherapy administration unit. Large
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TABLE 6.5 Routes of administration

Oral IV injection Infusion Intrathecal
Chlorambucil Cyclophosphamide Cisplatin Methotrexate
Busulphan Methotrexate Carboplatin Cytosine arabinoside
Melphalan (Id) 5FU Mitozantrone
Procarbazine Adriamycin Ifosfamide
Etoposide Vincristine Methotrexate (hd)
Capecitabine Vinblastine Melphalan (hd)
Temozolamide Vinorelbine Paclitaxel

Gemcitabine

Oxaliplatin

5FU

Key: Id, low dose; hd, high dose

visible veins should be chosen as far as possible
and it is safest to administer the drugs into a
running intravenous drip.

Where venous access is difficult:

for schedules requiring lengthy infusions
when continuous infusion pumps are to be
used

in procedures likely to require the adminis-
tration of many intravenous drugs, and

in transfusions such as bone marrow trans-
plantation or high-dose chemotherapy

an indwelling central venous catheter has many
advantages. A common type is the Hickman
catheter as shown in Figure 6.1. These can be
inserted under radiological control with local
anaesthetic and remain in situ for many
months. Regular flushing with heparinized

Superior vena
cava

Subclavian vein

saline at least weekly is required, and some doc-
tors also recommend continous low-dose war-
farin 1 mg daily while the line remains to
prevent thrombotic complications. More
sophisticated devices place a reservoir under
the skin of the chest wall rather than an exter-
nal line; this enables multiple access with less
potential risk of infection, and it is more con-
venient for the active patient.

An alternative type of central line, which
may be less robust but is simpler to insert, is a
line such as a PICC line, which enters through
the antecubital vein and is then directed
through the brachial and subclavian veins into
the vena cava; an example is shown in Figure
6.2.

The major complication from central lines in
chemotherapy patients is that of infection, and

Figure 6.1 Central Hickman line shown (a) diagrammatically and (b) in situ in a patient.
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Figure 6.2 A PICC line in situ entering an antecubital
vein.

infected lines or subcutaneous tracts require
immediate removal of the catheter together
with high-dose antibiotic cover. Subclavian vein
thrombosis may also occur, particularly around
an infected line.

If extravasation of chemotherapy does occur
then there should be clear guidelines for its
management. Table 6.6 details the drugs for
which this is an important issue.

The following principles apply:

TABLE 6.6 Vesicant properties of common cytotoxic drugs

The chemotherapy injection or infusion
must be stopped immediately.

The cannula is left in situ, residual drug is
aspirated and the area flushed with saline.
Ice packs may be applied and some recom-
mend administration of local steroids or
hyaluronidase, except for vincristine and
oxaliplatin when gentle warming of the
area is recommended.

In severe cases with irritant drugs such as
Adriamycin or epirubicin, there may be exten-
sive soft tissue damage as shown in Figure 6.3,
particularly if the problem is not identified
immediately and action taken. Liaison with a
plastic surgery unit for such eventualities is of
great value. Occasionally damage may be such
as to require surgical repair.

Avoiding side-effects

As a general rule side-effects are best antici-
pated and prevented. Chemotherapy agents
vary in their emetic potential but all may cause
nausea and some severe vomiting. Anti-emetics

Vesicants Exfoliants Irritants Inflammatory agents  Neutral
Causing pain, Causing Causing Causing mild to Causing no
inflammation and  inflammation inflammation moderate inflammation or
blistering, leading  and shedding and irritation inflammation and flare  damage

to tissue death of skin in local tissues

and necrosis

Carmustine Cisplatin Carboplatin Fluorouracil Aspariginase
Dacarbazine Docetaxel Etoposide Methotrexate Bleomycin
Dactinomycin Mitozantrone Irinotecan Cyclophosphamide
Daunorubicin Oxaliplatin Cytarabine
Doxorubicin Topotecan Fludarabine
Epirubicin Gemcitabine
Idarubicin Ifosfamide
Mitomycin Melphalan
Mustine

Paclitaxel

Vinblastine

Vincristine

Vindesine

Vinorelbine




Figure 6.3 (a) Erythema following minor extravasation of
epirubicin and (b) more severe soft tissue damage
following extravasation of chemotherapy given
intravenously into the back of the hand.

should therefore be considered for all but the
most gentle of agents. A three-stage anti-emetic
policy based on emetic potential will work for
most patients.

Emetic potential of common chemotherapy
agents

Chlorambucil and vincristine/vinblastine, used
as single agents, rarely cause significant nausea
and either anti-emetics are not required or
simple oral agents are sufficient. Other drugs or
combinations fall into the groups shown in
Table 6.7

The use of specific anti-emetic drugs will
vary but a simple anti-emetic protocol is as
follows.

Low potential schedules

— metoclopramide  10mg orally or
prochlorperazine 25 mg rectally preced-
ing chemotherapy

Moderately emetogenic schedules

— dexamethasone 8mg and metoclo-

pramide 10 mg intravenously preceding
chemotherapy followed by dexametha-
sone 2 mg tds orally for 2-3 days with
metoclopramide 10 mg tds orally

Highly emetogenic schedules

— dexamethasone 8 mg and ondansetron 8
mg orally or intravenously preceding
chemotherapy followed by dexametha-
sone 4 mg bd and ondansetron 8 mg bd
orally daily for 2-3 days.

Anticipatory nausea and vomiting may be a
particular problem for some patients. This
occurs when they experience symptoms with
any visit to the hospital, often on arrival, with-
out exposure to the drugs. Lorazepam may be
helpful in these instances. It is also often easier
for inpatients to receive chemotherapy in the
evening when they can receive added sedation
and sleep through the administration.

Other side-effects must also be anticipated
and steps taken to prevent them. For example:

diarrhoea (e.g. from cisplatin, 5FU or
irinotecan) - prescribe loperamide or
codeine phosphate

mucositis (e.g. from 5FU, methotrexate) —
use regular chlorhexidine and benzydamine
mouthwashes

alopecia (e.g. from Adriamycin) — use of
scalp cooling and provision of wig.

Scheduling

Chemotherapy schedules vary from simple
single oral drugs to complex multiple drug regi-
mens. The design of drug schedules is based on
a consideration of the effects on both normal
tissues and the tumour cells as discussed above.

Normal tissues are inevitably damaged by
chemotherapy agents. Particularly sensitive are
the dividing cells of the bone marrow and
mucosal epithelial cells lining the oropharynx,
gut and bladder. The general principle of sched-
uling chemotherapy is that each successive
course should be given only when damage from
the previous drug exposure has been repaired.
Fortunately both bone marrow and epithelial
lining cells have a large capacity for tolerating
and recovering from damage and usually do so
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TABLE 6.7 Classification of chemotherapy drugs according to their potential to provoke emesis

Low (<10%) Moderate (10-30%) High (31-90%) Very high (>90%)
Vincristine Cyclophosphamide Adriamycin Cisplatin
Vinblastine Methotrexate Epirubicin Dacarbazine
Bleomycin Mitomycin Ifosfamide Carmustine
Fludarabine Mitozantrone Carboplatin Mustine
Rituximab Etoposide Oxaliplatin Cyclophosphamide (>1.5 g/m?)
Bevacizumab 5FU Irinotecan

Paclitaxel

Gemcitabine

Cetuximab

Transtuzumab
within  2-3 weeks. On this basis most HORMONE THERAPY

chemotherapy is given at 3-4 weekly intervals.

Damage to tumour cells may depend on both
the absolute levels of drug that can be achieved
within them and the duration of exposure. In
order to achieve the maximum levels possible, a
fine line may be drawn between serious side-
effects and maximizing tumour cell kill. In some
circumstances where there is evidence that very
high doses of drugs beyond normal tolerance
will achieve more, e.g. in acute leukaemia, then
bone marrow, or more usually bone marrow
stem cells, can be removed prior to chemother-
apy and stored to be used as an autograft once
high-dose therapy has been given.

In order to achieve maximum levels for a
suitable duration a knowledge of the pharmaco-
kinetics of the drug is important. Drugs with
short half-lives, such as 5FU, may have a greater
effect when given by infusion or in divided
doses.

The design of chemotherapy drug schedules
is often a combination of elegant hypothesis,
serendipity and pragmatism. However, when
the results of chemotherapy trials are assessed
and translated into general oncological practice,
careful attention to the drug dosing and sched-
uling is important. There is some evidence that
patients who fail to receive full doses of drugs
at the designated minimum intervals have a
reduced benefit from the treatment and this is a
strong argument for chemotherapy being man-
aged only in experienced units familiar with the
complications and tolerance for each schedule.

A small number of tumours are influenced by
therapeutic changes in their hormone environ-
ment. In practice, hormone therapy is of value
for breast and prostate cancer and to a lesser
extent endometrial cancer. The response of
breast cancer is based primarily upon the influ-
ence of oestrogen, and that of prostate cancer
upon the influence of androgens.

Occasional responses with other tumour types
have been reported, particularly to the drug
tamoxifen, but their basis remains uncertain.

Breast cancer

Oestrogen exerts its effect by binding to a
receptor within the cell nucleus called the
‘oestrogen receptor’. This process is thought to
be fundamental to the way in which oestrogen
can influence the development of breast cancer.
Drugs that alter the balance of activity at the
oestrogen receptor are therefore often of value
in the treatment of breast cancer. Such drugs
may act directly by binding to the receptor and
thereby blocking its activity as typified by
tamoxifen, or indirectly on the production and
peripheral activation of oestriol and oestrone to
oestradiol by inhibiting the enzyme aromatase;
commonly used aromatase inhibitor drugs
include anastrozole and letrozole.

The presence of oestrogen receptors can be
demonstrated histologically using immunohisto-
chemistry and the demonstration of oestrogen
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receptors (ER) in an individual tumour is impor-
tant in predicting the likelihood of response to
hormonal treatment. Overall around 50 per
cent of patients with breast cancer will respond
to hormone therapy, but this figure reflects a
response rate of up to 80 per cent when oestro-
gen receptors are positive compared with
around 10 per cent where they are negative.

The observation that some patients who have
no demonstrable receptors will respond may be
explained by the presence of receptors in these
cancer cells that have a slightly different structure
not detected by the routine methods of assay.

Characteristically, hormone responses have a
finite duration and it would seem that all breast
cancers eventually become resistant to the first
hormone treatment to which they are exposed.
This may, however, be followed by second, third
and even fourth successive responses to further
hormone manipulations.

The basis for hormone resistance developing
is thought to be changes in the characteristics of
the oestrogen receptor, varying from complete
loss of receptor to alterations in its binding sites
or in its transcriptional properties within the
nucleus. In other cases access to the receptor
may be denied because of alterations of trans-
port mechanisms and metabolism within the
cell. Exposure to an alternative hormone ther-
apy may in many cases achieve a second
response, which will be seen in up to 45 per
cent of patients after an initial exposure.

TABLE 6.8 Hormone therapy in breast cancer
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Progestogens and androgens can also be
effective as second- and third-line treatments in
breast cancer. Drugs such as megestrol and
medroxyprogesterone do indirectly affect activ-
ity at the oestrogen receptor causing downregu-
lation (i.e. making them Iless sensitive to
stimulation by oestrogen), but in addition spe-
cific progestogen receptors have been identified
in breast cancers and found to correlate with
response to treatment.

An overview of hormone therapy in breast
cancer is given in Table 6.8.

Prostate cancer

The basis of hormone therapy in prostate
cancer is the dependence on androgen for its
growth. The drugs used to treat prostate cancer
therefore are anti-androgens working either
directly by antagonism at the androgen receptor
or indirectly on the hypothalamic—pituitary axis
regulation of androgen release. Similar effects
are also achieved by surgical orchidectomy
removing the main site of androgen production.
An overview of androgen blockade is shown in
Figure 6.4. The relative clinical merits of the
available antiandrogen therapies are shown in
Table 10.1 (see Chapter 10, page 171).

None of the individual anti-androgen treat-
ments offer complete blockade of both testicu-
lar and adrenal androgens. This may be achieved
by combining a centrally acting gonadotrophin-

Drug Mode of action Other actions and common side-effects

Tamoxifen Anti-oestrogen Hot flushes, fluid retention, vaginal dryness/discharge,
Faslodex uterine bleeding, deep vein thrombosis

Exemestane Aromatase inhibitor Hot flushes, nausea, rashes, joint stiffness, vaginal
Anastrozole dryness, raised cholesterol, osteoporosis

Letrozole

Medroxyprogesterone  Progestogen Nausea, fluid retention, weight gain

Megestrol
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Figure 6.4 Mechanisms of androgen release and
blockade.

releasing hormone agonist/antagonist, e.g.
goserelin, with a peripherally acting drug such as
cyproterone or bicalutamide, and is known as
‘maximal androgen blockade — MAB’. This may
be slightly more more effective than single drug
therapy in advanced disease, particularly in
younger patients but will be associated with
more severe toxicity from androgen withdrawal,
including lethargy, hot flushes, gynaecomastia
and loss of sexual interest and function.

An important distinction between the hor-
mone response of prostate cancer and that of
breast cancer is seen on relapse to first-line anti-
androgen therapy; second responses with
prostate cancer are seen only occasionally.

Endometrial cancer

Endometrial cancer is recognized as a tumour
related to high levels of circulating oestrogen.
Both oestrogen and progesterone receptors can be
demonstrated in cells of endometrial cancer and
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treatment with progestogens or gonadotrophin-
releasing hormone agonist/antagonists such as
goserelin or leuprorelin can be effective in
metastatic disease. Response is predicted by the
presence of oestrogen or progestogen receptors
with around 65 per cent of patients having posi-
tive receptors responding to treatment. A reduc-
tion in oestrogen receptor concentration has been
seen after progestogen treatment, suggesting that
the efficacy of hormone treatment in endometrial
cancer reflects inhibition of oestrogenic stimulus
at the tumour cell.

BIOLOGICAL THERAPY

A number of the chemicals produced by the
body in response to injury or infection have
been explored as potential new treatments to
eradicate cancer cells. Unfortunately only lim-
ited success has so far been achieved. Invariably
such preparations are immunogenic and are
therefore associated with side-effects such as
malaise and low-grade fever. These are often
debilitating but major toxicities are rare with
commercially available compounds. In clinical
practice only a-interferon is in occasional use.

o~Interferon

This has been the treatment of choice in the
rare haematological malignancy hairy cell
leukaemia (see Chapter 17). In renal cancer a
modest impact in high-risk and advanced dis-
ease is seen and some responses are also seen in
melanoma. In each of these instances interferon
is believed to function by enhancing the natural
defences available within the body, facilitating
removal of malignant cells.

Alpha-interferon is given by subcutaneous
injection three times per week. In doses above 3
megaunits side-effects of fever and malaise can
be dose limiting. Treatment can be continuous
for many months or even years.

Monoclonal antibody treatments

Monoclonal antibodies (MABs) are the equiva-
lent of the magic bullet, their principle being to
carry a toxic agent to a cell defined by specific
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surface antigens against which the antibody is
targeted. In recent years this approach has
resulted in a number of new clinical agents
becoming available.

Rituximab is targeted against the CD20 anti-
gen on B-cell lymphomas; in addition to stan-
dard chemotherapy it improves survival.
Ibritumomab is an anti-CD20 antibody tagged
with a radioisotope yttrium-90, which is highly
effective in follicular lymphoma.

Herceptin is targeted against the HER2 anti-
body on breast cancer cells. and is now a valu-
able additional treatment option for patients
with breast cancer which is HER2 positive; this
can be demonstrated immunohistochemically
and the extent of staining can be graded to pre-
dict the likelihood of response, as shown in
Figure 6.5.

Alentuzumab is an anti-CD52 antibody,
which is highly active in chronic lymphocytic
leukaemia.

Bevacizumab, discussed earlier, is a mono-
clonal antibody, targeting tumour vasculature

through VEGFE.

Clinical trials are underway to define the pre-
cise role of these new agents in the management
of these diseases; they will probably be incorpo-
rated into existing chemotherapy regimens both
in the adjuvant setting and in primary treat-
ment.

GROWTH FACTORS

One of the major dose-limiting toxicities encoun-
tered in the use of chemotherapy is that of bone
marrow toxicity. In recent years the availability of
colony-stimulating factors (CSF), in particular
granulocyte colony-stimulating factor (G-CSF)
has enabled chemotherapy dose to be intensified
within the limits of tolerance of bone marrow.
G-CSF is an analogue of naturally occurring
growth factors given by subcutaneous injection
following exposure to chemotherapy. It stimu-
lates the granulocyte production lines in the bone
marrow, reducing the period of neutropenia after
intensive chemotherapy. The growth factors cur-
rently available have no significant effect upon
platelet and red cell lines. Their use has also facil-

Figure 6.5 Histological section showing breast cancer cells with a range of positive staining for the HER-2 receptor,
which may be seen to predict varying degrees of response to the monoclonal antibody transtuzumab (Herceptin®).



itated the process of peripheral blood progenitor
cell (PBPC) harvesting, thereby simplifying the
use of ultra-high-dose chemotherapy which is
being increasingly applied to the treatment of
solid as well as haemopoietic tumours.

EXPERIMENTAL
CHEMOTHERAPY

The chemotherapy drugs and combination regi-
mens widely used in routine oncological prac-
tice today have arisen out of carefully designed
and regulated drug development programmes.
From discovery of a promising new drug in the
laboratory a lengthy and expensive period of
evaluation starting with animal pharmacology
and toxicology studies and ending in successful
drug marketing has to be embarked on. The
clinical studies within which new drugs may be
given are outlined below and discussed in
greater detail in Chapter 3.

Phase 1 studies These are studies in which
the new agent is first tried in patients. Such
agents are offered only to patients for whom
there is no other recognized effective treat-
ment and who may wish to try other drugs
in the slim hope of benefit. In phase 1 stud-
ies activity against the tumour is not an end-
point but these studies are designed to
assess the maximum tolerated doses and
define the toxicity profile in humans.

Phase 2 studies These are the earliest studies
in which antitumour activity is sought,
giving the drug in doses and schedules
defined from the phase 1 studies to patients
who have failed previous conventional
therapy or for whom there may be no
effective recognized treatment.

Phase 3 studies With activity in phase 2
established, the new agent is compared
with the standard best treatment (or, if
there is none, with placebo) in a large
prospective randomized trial. Large num-
bers of patients are entered into such trials
in order to achieve statistically robust
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results and most of these studies are there-
fore multicentre studies.

Only following satisfactory passage through
the above steps is a drug incorporated in the
routine treatment of cancer; this may be many
years after the first identification of the com-
pound and will be followed by further evalua-
tion of the drug to establish its full potential
and application in adjuvant and primary treat-
ment and its role in palliation both alone and in
combination. Its toxicity in wider use must also
be continuously monitored and notified (post-
marketing surveillance).

Current areas of research in drug develop-
ment alongside the more conventional classes
of chemotherapy drugs include the following:

drugs targeted against specific biochemical
pathways involved in cellular growth con-
trol, for example the epithelial growth
factor receptor (EGFR), tyrosine kinases
and proteosomes

anti-angiogenic agents and vascular target-
ing agents exploiting the different charac-
teristics of tumour vasculature from normal
blood vessels to selectively damage tumour
blood supply

immunotherapy through the development
of vaccines against tumour antigens.
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PRINCIPLES OF SYSTEMIC TREATMENT

SELF-ASSESSMENT QUESTIONS

1. Which three of the following drugs are

antimetabolite chemotherapy agents?
Gemcitabine

Topotecan

Cisplatin

. Fludarabine

Adriamycin

Cyclophosphamide

Cytosine arabinoside
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2. Which of the following applies to

intercalating agent chemotherapy drugs?

a. They act by alkylation of DNA

b. They inhibit RNA synthesis

c. They prevent separation of the DNA
strands

d. They are topoisomerase inhibitors

e. They include irinotecan

3. Which of the following statements is true

regarding those chemotherapy agents
acting on mitosis?

a. They interfere with synthesis of DNA
b. They affect spindle formation

c. They are independent of topoisomerase
d. They include cisplatin

e. They are independent of the cell cycle

4. The following is true of signal transduction

inhibitors:

a. They act through tyrosine synthase
b. They can inhibit angiogenesis

c. They include bortezomib

d. They are cell cycle dependent

e. They act on cell division

5. Which three of the following are true of

drugs targeting the tumour vasculature?
a. They will reduce blood flow to normal
tissues

They can act through VEGF

They include thalidomide

. They cause extensive thrombosis
Their effect is reversed by heparin
They can alter blood vessel structure

o oo o

6. Which three of the following are highly
sensitive to chemotherapy?
. Breast cancer
. Non-Hodgkin’s lymphoma
Small cell lung cancer
. Neuroblastoma
Renal cell carcinoma
Phaeochromocytoma
Glioblastoma
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7. For which three of the following drugs is
neurological toxicity a major concern?
. Cyclophosphamide
. Carboplatin
Paclitaxel
. Irinotecan
Cisplatin
Ifosphamide

o oan ot

8. For which of the following drugs must
renal function be measured before
administration?

a. Vincristine
b. Adriamycin
c. Carboplatin
d. Etoposide
e. Epirubicin

9. Which of the following drugs are used for
anti-androgen activity?
a. Fluoxetine
b. Tamoxifen
c. Exemestane
d. Bicalutamide
e. Cyclophosphamide

10. Which three of the following are
monoclonal antibodies used in cancer
treatment?
. Rituximab
. Bortezomib
Herceptin

. Lapatinib
Erythropoietin
Combretastatin
Bevacizumab
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LUNG CANCER

Epidemiology

Each year in the UK there are 38 000 cases of
lung cancer, 22 000 cases in men and 16 000
cases in women, making it the second common-
est form of cancer, accounting for 14 per cent of
all cancer cases and leading to a total of 34 000
deaths per annum. It is the prime cause of
cancer mortality in Europe with a peak inci-
dence at 60-70 years. It is three times more
common in men, in whom it is the most
common cancer. The mortality is declining in
men, but increasing in women owing to changes
in smoking habits in recent decades.

Aetiology

The majority of cases of lung cancer can be
attributed to exposure of the bronchial epithe-
lium to inhaled carcinogens. There is a strong
causal relationship between smoking and lung
cancer, with 90 per cent of cases attributable to
the use of tobacco in males and 80 per cent in
females. The bronchial tree and alveoli are
directly exposed to the inhaled smoke and it is
the hydrocarbon carcinogens such as benz-
pyrene liberated by the combustion of tar that

are responsible, rather than nicotine. These lead
to metaplasia of the bronchial epithelium from
a columnar pattern to a squamous one, eventu-
ally leading to dysplasia and carcinoma. The risk
of developing lung cancer is related to the dura-
tion and intensity of smoking, increasing with
the rise in number of cigarettes or weight of
tobacco smoked per day, increasing tar content,
shorter cigarette stubs and use of non-filter
brands. The tumours tend to be found adjacent
to the larger airways of the lung comprising
mainly squamous cell carcinoma and small cell
lung cancer. Evidence suggests that passive
smoking leads to an increased risk if a partner
smokes 20 cigarettes per day or more. The
lung cancer risk declines towards that of non-
smokers after 10-20 years of abstinence,
although there is a persistent risk in those who
have smoked more than 20 per day. Particulate
air pollution in cities is weakly associated with
lung cancer.

It is important to elicit a history of occupa-
tional asbestos exposure in patients with lung
cancer as they may be eligible for industrial
injuries compensation. The carcinogenic poten-
tial of asbestos is synergistic with that of
tobacco smoking and, of the many types of
asbestos, the blue variant is the most powerful
carcinogen. Asbestos-induced cancers are more
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common in the lower lobes, usually squamous
carcinomas, and may be multicentric.

During the nineteenth century, cobalt miners
in Eastern Europe were noted to have a very
high mortality from lung cancer owing to high
levels of radon gas released from the granite-
bearing rocks by the radioactive decay of natu-
rally occurring uranium, which in turn led to
high doses of radiation to the bronchial tree and
eventual malignant transformation. There is
evidence that the level of radon in dwellings may
account for a small proportion of deaths from
lung cancer each year, particularly for non-
smokers, and an increased incidence of lung
cancer has also been noted in patients who have
had previous spinal irradiation for ankylosing
spondylitis.

Nickel, arsenic and chromates have all been
implicated as causes of lung cancer. Tuberculous
scars, subpleural blebs/bullae or the site of a
previous pulmonary embolus may occasionally
account for peripheral carcinomas, particularly
adenocarcinoma. Cytogenetic studies have
shown loss of a tumour-suppressor gene on part
of the short arm of chromosome 3 in some
cases of small cell lung cancer.

Pathology

Macroscopically, lung cancers arise within the
bronchial epithelium and therefore usually
have an endobronchial component. They may
be multifocal and may arise anywhere in the
bronchial tree, although squamous and small
cell carcinomas often arise centrally in the
larger airways, while adenocarcinomas usually
arise peripherally, particularly at the apices.
Central necrosis leads to cavitation in the larger
tumours. Microscopically, lung cancers may be
divided into two groups:

small cell carcinoma (SCLC) — 25 per cent

non small cell lung cancer (NSCLC):

— squamous cell carcinoma — 50 per cent

— adenocarcinoma — 15 per cent

— large cell anaplastic carcinoma — 10 per
cent

Squamous cell carcinoma may be preceded
by the stepwise progression from squamous

metaplasia to dysplasia followed by carcinoma
in situ and frankly invasive cancer. The tumour
cells have the morphology of squamous epithe-
lial cells, stain for keratin, and intercellular
bridges are visible under the electron micro-
scope, these features being more evident in
well-differentiated tumours.

Small cell carcinoma arises from the Kulchit-
sky cells of the basal layer of the bronchial
epithelium and is characterized histologically
by small, uniform cells containing neurosecre-
tory granules, and staining for neurone-specific
enolase (NSE), reflecting their origin from cells
derived from the neural crest of the fetus. The
ectopic production of peptides and hormones
will be reflected in their immunocytochemical
staining. There are several subtypes, the best
known of which is the oat cell carcinoma,
which is composed of sheets of fusiform cells.

Adenocarcinoma cells stain for mucin,
reflecting their glandular origin, and may be
arranged in an acinar pattern. Large cell
anaplastic carcinoma is poorly differentiated
and cannot be recognized under the light
microscope as belonging to any of the other
subgroups. Clear cell and giant cell tumours are
included in this group.

Natural history

The pattern of growth of a lung cancer is
related to the histological subtype. The anaplas-
tic carcinomas are the most rapid growing,
while adenocarcinomas grow slowly and may
be seen to have been present over several years
prior to diagnosis. SCLC has a propensity to
early and widespread metastatic dissemination
with 80-90 per cent having spread beyond the
thorax by the time of diagnosis.

Lung cancer spreads circumferentially and
longitudinally along the bronchus of origin,
eventually leading to bronchial occlusion, which
causes lobar or segmental pulmonary collapse
owing to resorption of air distal to the tumour.
Stasis of pulmonary secretions in turn leads to
secondary infection manifesting as pneumonia
and occasionally lung abscess and empyema.
Proximally the tumour may extend to the carina
and trachea while distally it may reach the



Figure 7.1 Mediastinal lymphadenopathy. Coronal CT
image of the thorax. There is a large central mass of
lymph nodes.

visceral pleura from where it may invade the
chest wall, interlobar fissures or pleural space,
resulting in a blood-stained exudative pleural
effusion. A pneumothorax may result from a
tumour that breaches the visceral pleura and
allows a direct connection between the pleural
space and the bronchial tree, i.e. a bron-
chopleural fistula. Mediastinal structures such as
the oesophagus, pericardium, heart and great
vessels, and occasionally the vertebral bodies
and diaphragm, may be invaded. The tumour
frequently involves the regional lymphatics,
spreading to ipsilateral peribronchial and hilar
nodes, followed by subcarinal, contralateral hilar,
paratracheal and supraclavicular nodes (Fig.
7.1). Lung cancer has a propensity to dissemi-
nate widely via the bloodstream and virtually
any site can be involved. There is an unusual and
unexplained involvement of the adrenal glands
in a high proportion of cases. Other common
sites include the liver, skeleton, brain (especially
SCLC), skin and contralateral lung (Fig. 7.2).

Symptoms

A small proportion of patients will present with
no symptoms, having been diagnosed on a chest
X-ray either as part of a routine screen or as
part of the investigation of another disease.
Most, however, present owing to intrathoracic
symptoms:
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Figure 7.2 Transpulmonary spread of lung cancer.

(@) Chest radiograph demonstrating a large carcinoma
arising in the right upper lobe. There is a smaller mass in
the right lower lobe (arrowed) representing an ipsilateral
lung metastasis. (b) Corresponding CT image — note the
occult metastasis in the contralateral lung. (c) Coronal
PET image of thorax showing the primary tumour in the
left mid-zone, and four small adjacent areas of glucose
uptake consistent with intrapulmonary spread.
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cough

haemoptysis

dyspnoea

chest pain

recurrent chest infections.

Cough is due to bronchial irritation by the
tumour and is often unproductive unless associ-
ated with secondary infection. Bronchoalveolar
tumours (see Rare tumours section below)
characteristically result in the expectoration of
large quantities of mucoid sputum. The cough
will have a ‘bovine’ character if there is also a
vocal cord palsy.

Haemoptysis varies in severity from slight
streaking of the sputum with blood to frank
haemorrhage where there is a large intra-
bronchial component to the tumour with
mucosal ulceration. It is a common presenting
symptom. Massive intrapulmonary haemor-
rhage may occasionally lead to the death of the
patient.

Dyspnoea reflects a deficiency in pulmonary
ventilation owing to a restrictive defect (e.g.
pleural effusion, diffuse parenchymal infiltra-
tion), obstructive defect (e.g. bronchial obstruc-
tion by tumour or secondary infection) or a
combination of the two. It will first be noticed
on mild exertion, progressing to dyspnoea at
rest. It usually indicates locally advanced disease.

Chest pain may be pleuritic or aching in
nature and localized to the involved hemitho-
rax, reflecting pleural involvement by tumour,
secondary infection of the pleura or direct inva-
sion of the chest wall.

Recurrent chest infections are a common pre-
senting feature and carcinoma of the lung
should be considered in anyone of the appropri-
ate age who has had recurrent chest infections
for no apparent cause or an infection that has
failed to resolve following one or more courses
of the appropriate antibiotic.

Dysphagia may result from extrinsic com-
pression from the primary tumour, particularly
if the tumour is arising from the left main
bronchus as the oesophagus is a close anatomi-
cal relation posteriorly. A large mass of involved
lymph nodes (usually subcarinal) should also be
considered as a cause. A hoarse voice suggests

invasion of the recurrent laryngeal nerve, giving
rise to a vocal cord paralysis, which in turn
results in a hoarse voice and ‘bovine’ cough
owing to failure to adduct the vocal cords. Indi-
rect laryngoscopy in the clinic or visualization
of the cords at bronchoscopy will be diagnostic.

Tumours arising at the lung apex may cause
nerve root pain as they lead to direct invasion of
the T1 nerve root, leading to pain radiating
down the ipsilateral arm to the medial aspect of
the forearm, and may lead to infiltration of the
spinal cord itself. Non-specific extrathoracic
symptoms include anorexia, weight loss,
malaise and lethargy.

Signs

No physical signs at all may be elicited, particu-
larly in those presenting without symptoms
after a routine chest X-ray. Pulmonary collapse
and/or consolidation is the most frequent find-
ing. Examination of the hands frequently
reveals clubbing, characterized by an increase in
nail convexity in the transverse and longitudinal
planes, loss of the nail fold angle and sponginess
of the nail bed on compression of the nail (Fig.
7.3). There may be nicotine staining of the fin-
gers. The supraclavicular lymph nodes should
be checked as these are the only palpable nodes
that are in continuity with the regional lym-
phatics. The syndrome of superior vena cava

Figure 7.3 Clubbing of the fingers. This is a common
non-metastatic manifestation of squamous carcinoma .
There are many non-malignant causes, e.g. chronic
pulmonary and cardiac disease.



Lung cancer

TABLE 7.1 Non-metastatic manifestations of lung cancer

Type

Manifestions

Cutaneous

Figure 7.4 Horner’s syndrome affecting the left eye.
There is a partial ptosis, enophthalmos and miosis of the
pupil.

Neuromuscular

Ectopic
hormone
production

Figure 7.5 The hands of the patient in Figure 7.4. Note
the clawing of the left hand owing to a T1 nerve root
lesion. This has weakened the extensor muscles of the
fingers leading to unopposed action of the muscles,
which causes finger flexion.

obstruction deserves special mention (see
Chapter 22). Involvement of the cervical sym-
pathetic nerves at the level of T1 leads to
Horner’s syndrome (Fig. 7.4) characterized by
partial ptosis, miosis (pupillary constriction),
enophthalmos (indrawing of the globe of the
eye relative to the orbit) and anhydrosis (loss of
sweating on the ipsilateral side of the face). The
ipsilateral hand may be warmer owing to
vasodilation, and there will be wasting of the
small muscles of the hand as these are partly
innervated by the T1 nerve root (Fig. 7.5).

A small proportion will present with one or
more of a variety of clinical syndromes which
are unassociated with metastases. These are the
so called non-metastatic manifestations of
malignancy (Table 7.1). Other signs will

Haematological

Miscellaneous

Dermatomyositis

Acanthosis nigricans

Erythema gyratum ripens
Hypertrichosis languinosa
Clubbing

Hypertrophic pulmonary
osteoarthropathy (HPOA)
Scleroderma

Herpes zoster

Urticaria

Myositis

Proximal myopathy

Peripheral neuropathy
Mononeuritis multiplex
Cortical degeneration
Progressive multifocal
leukoencephalopathy
Transverse myelitis

Cerebellar degeneration
Eaton-Lambert myasthenic
syndrome

Hyponatraemia and water
retention (ADH)
Hyperpigmentation and
hypokalaemic alkalosis (ACTH)
Hypercalcaemia (PTH)
Carcinoid (5-HT)
Hypoglycaemia (insulin-like
peptides)

Hyperglycaemia (glucagon,
growth hormone)
Gynaecomastia and testicular
atrophy (gonadotrophins, HCG)
Hypertension (renin)

Anaemia (may be sideroblastic)
Disseminated intravascular
coagulation

Eosinophilia

Thrombocytosis
Thrombocytopenia
Leucocytosis/leukaemoid picture
Red cell aplasia

Bone marrow plasmacytosis
Murantic endocarditis (may lead
to systemic emboli)
Membranous glomerulonephritis
Hypouricaemia
Hyperamylasaemia

Migratory thrombophlebitis
(Trousseau’s syndrome)
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depend on the tumour burden and sites of
spread.

Differential diagnosis

This includes:

benign tumours — papilloma, hamartoma,
carcinoid, fibroma, leiomyoma

other malignant primary tumours -—
mesothelioma, bronchial gland carcinomas,
soft tissue sarcomas

metastases

non-neoplastic diseases, e.g. aspergilloma,
chronic lung abscess, Wegener’s granulo-
matosis

radiographic artefact, e.g. nipple shadow.

Investigations

Chest X-ray

This has the advantage of providing a relatively
rapid, non-invasive, widely available means of
ascertaining the position, size and number of
tumours. For optimal assessment, a postero-
anterior and lateral view should always be
requested. Common features of lung cancer
include a discrete opacity (Fig. 7.6), which may
be cavitating, hilar lymphadenopathy, pulmonary
collapse, consolidation and pleural effusion. Asso-
ciated intrathoracic complications owing to local
invasion can be assessed, special care being taken
to look for rib erosion in peripherally placed
tumours. The hemidiaphragms should be
inspected, looking for excessive elevation — the
right is usually slightly higher than the left owing
to the underlying liver. An elevated hemi-
diaphragm suggests palsy of the ipsilateral
phrenic nerve, which in turn suggests mediastinal
infiltration and therefore an inoperable tumour.

Sputum cytology

This is a rapid means of obtaining a tissue diag-
nosis with minimal patient inconvenience and
distress, having the advantage of being suitable
for outpatients awaiting a definitive investiga-
tion such as a bronchoscopy. The sensitivity of
the test increases with the number of sputum
specimens collected and so at least three speci-

Figure 7.6 Chest radiograph showing a squamous
carcinoma arising adjacent to the right hilum. In this
example, there is no associated pulmonary collapse,
suggesting patency of the bronchi.

mens are desirable. Samples should represent
bronchial secretions rather than saliva and the
best time for collection is early in the morning.
Prior to collection, 5 mL of nebulized saline and
physiotherapy might help a patient who has a
non-productive cough. Central tumours are
most likely to be detected in this way, particu-
larly those associated with a large endo-
bronchial  component, eg  squamous
carcinoma. It should be noted that sputum con-
taining squamous carcinoma cells could be
related to an underlying primary cancer of the
upper respiratory tract e.g. larynx.

Bronchoscopy

This should be performed whenever active
treatment is indicated. A fibreoptic broncho-
scope is passed down the respiratory tract via
the nose under topical anaesthesia, although
rigid bronchoscopy under general anaesthesia is
sometimes performed by the thoracic surgeon.
Detailed anatomical information is gained
regarding the precise location of the tumour
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Figure 7.7 Pancoast tumour. (a) Chest radiograph
showing an apical tumour arising from the apex of the left
lung. Note the soft tissue swelling in the supraclavicular
fossa. There is pulmonary collapse leading to narrowing
of the intercostal spaces and destruction of the
underlying posterior ribs. (b) CT images of the
corresponding region. Note the enormous soft tissue
mass destroying the rib and vertebral body. Such
patients are at high risk of spinal cord compression
(arrowed).

within the bronchial tree, which is of value
when surgery or radiotherapy is contemplated;
vocal cord palsy also may be confirmed on entry
into the lower respiratory tract with the scope.
Once visualized, the tumour can be biopsied or,
if the tumour is located too peripherally for the
bronchoscope to reach it, saline can be injected
and aspirated, and the ‘washings’ sent for cytol-
ogy; a small brush can be used to obtain ‘brush-
ings’ from the epithelial lining of the bronchi.
Bronchoscopy also allows emergency proce-
dures to be performed such as diathermy or
laser of a bleeding tumour.

Computed tomography (CT)

CT is indicated in all cases. It is the investiga-
tion of choice for detecting chest wall invasion,
particularly in the case of apical tumours, which
may not be well visualized with plain radi-
ographs (Fig. 7.7), and for detecting mediastinal
lymphadenopathy, both of which individually
are contraindications to surgical resection. The
thorax is scanned to supplement the findings on
plain X-rays and bronchoscopy, as the superior
soft tissue contrast of CT more precisely defines
the local extent of the tumour and distinguishes
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tumour from collapsed/consolidated lung tissue
(Fig. 7.8). The brain, liver and adrenals (Fig.
7.9) are included to exclude distant metastases
as they are frequent sites of soft tissue spread. A
limited CT scan can also be used to facilitate
percutaneous needle biopsy in those patients in
whom a tissue diagnosis cannot be obtained by
less invasive means.

Magnetic resonance imaging (MRI)

MRI can be used in staging prior to surgery, pro-
viding images that are complementary to those
obtained by CT. It is of particular value in pro-

Figure 7.8 Locally advanced lung cancer. (a) Chest
radiograph in a patient with a carcinoma causing
obstruction of the left lower lobe bronchus leading to
collapse and consolidation distally. (b) CT images of the
thorax from the same patient demonstrating the primary
tumour near the left hilum (top left arrow). The collapse
and consolidation can be seen distal to this (bottom left
arrow). There is also a left basal pleural effusion. These
images demonstrate the greater detail seen with CT
compared with plain radiographs.

viding high resolution images of soft tissues,
which may clarify the extent of local tumour
invasion, e.g. when CT has suggested equivocal
large blood vessel infiltration.

Isotope bone scan

This is performed to exclude bone metastases
in those who are being considered for curative
therapy.

Positron emission tomography (PET)

This is now routinely performed to complete
whole body staging prior to curative surgery. It



Figure 7.9 Bilateral adrenal metastases. CT image of the
upper abdomen.

has the advantage of disclosing the presence of
metastatic disease at occult sites in the body
(e.g. adrenal glands) and can show foci of active
cancer in mediastinal lymph nodes or indeter-
minate pulmonary nodules, areas where CT can
be equivocal or negative.

Biopsy/aspiration of palpable metastases

Biopsy or fine needle aspiration of palpable
metastatic deposits, such as a supraclavicular
lymph node or a cutaneous nodule, is a rela-
tively atraumatic means of obtaining a tissue
diagnosis.

Mediastinotomy and/or mediastinoscopy

These are invasive surgical investigations to
determine whether the tumour is operable by
allowing the surgeon to visualize and sample
the mediastinal lymph nodes. Such procedures
have been superseded by the CT scan.

Thoracotomy

This is the most invasive means of obtaining
tumour tissue for histopathology, and is reserved
for the very small proportion of patients who
are not diagnosed after routine investigations.
Unless the tumour has been shown to be inoper-
able during preoperative assessment, the sur-
geon will aim to proceed to radical resection
after frozen section has been performed, partic-
ularly for non-small cell lung cancer.
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Lung function tests

These are performed to assess the patient’s ven-
tilatory capacity with regard to the compliance
of the lungs and degree of airway obstruction,
and are required only prior to definitive lung
resection as a guide to how disabled the patient
would be postoperatively. A simpler guide is the
patient’s exercise tolerance — inability to climb
a flight of stairs without stopping would be con-
sidered a contraindication to surgery.

Indirect laryngoscopy

This is indicated if the patient has an unex-
plained vocal abnormality and entails visualiza-
tion of the position and mobility of the two
vocal cords using a laryngeal mirror in the ENT
clinic. Partial or complete palsy suggests pres-
sure on the recurrent laryngeal nerve.

Staging

The TNM staging is the most frequently used
and can be used as a guide to management and
prognosis:

TX — Primary tumour cannot be assessed,

or tumour proven, by the presence of

malignant cells in sputum or bronchial

washings, but not visualized by imaging or

bronchoscopy

TO — No evidence of primary tumour

Tis — Carcinoma in situ

T1 - A tumour that is 3 cm or less in great-

est dimension, surrounded by lung or vis-

ceral pleura, and without bronchoscopic

evidence of invasion more proximal than

the lobar bronchus (i.e. not in the main

bronchus)

T2 — A tumour with any of the following

features of size or extent:

— more than 3 cm in greatest dimension

— involves the main bronchus, 2 cm or
more distal to the carina

— invades the visceral pleura

— associated with atelectasis or obstructive
pneumonitis that extends to the hilar
region but does not involve the entire lung

T3 - A tumour of any size that directly

invades any of the following: chest wall
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(including superior sulcus tumours),
diaphragm, mediastinal pleura, parietal
pericardium; or tumour in the main
bronchus less than 2 cm distal to the carina
but without involvement of the carina; or
associated atelectasis or obstructive pneu-
monitis of the entire lung

T4 — A tumour of any size that invades any
of the following: mediastinum, heart, great
vessels, trachea, oesophagus, vertebral body,
carina; or separate tumour nodules in the
same lobe; or tumour with a malignant
pleural effusion

NX - Regional lymph nodes cannot be
assessed

NO - No regional lymph node metastasis
N1 — Metastasis to ipsilateral peribronchial
and/or ipsilateral hilar lymph nodes, and
intrapulmonary nodes including involve-
ment by direct extension of the primary
tumour

N2 — Metastasis to ipsilateral mediastinal
and/or subcarinal lymph node(s)

N3 - Metastasis to contralateral mediasti-
nal, contralateral hilar, ipsilateral or con-
tralateral scalene, or supraclavicular lymph
node(s)

MX - Distant metastasis cannot be assessed
MO - No distant metastasis

M1 — Distant metastasis present.

AJCC stage groupings, based on TNM, are
frequently used in lung cancer:

Occult - TX, NO, MO

Stage 0 —Tis, NO, MO

Stage IA -T1, NO, MO

Stage 1B -T2, NO, MO

Stage IIA - T1, N1, MO

Stage 1IB -T2, N1, MO - T3, NO, MO

Stage IIIA - T1, N2, MO -T2, N2, MO - T3,
N1, MO -T3, N2, MO

Stage IIIB — Any T, N3, MO — T4 — Any N,
MO

Stage [V — Any T — Any N - M1

With SCLC, a two-category staging system is
still used, which correlates well with prognosis
and serves as a guide to determining the most
appropriate therapy in clinical trials:

Limited (30 per cent) — extent of tumour
as defined by physical examination and
radiological investigations is confined to the
ipsilateral hemithorax and ipsilateral supra-
clavicular nodes; most 2-year survivors will
be in this group

Extensive (70 per cent) — defined as disease
other than limited stage.

Management

Radical treatment of non-small cell lung
carcinoma (NSCLC)

Surgery

Complete surgical excision is desirable and
offers the best chance of cure, although only
about 25 per cent of patients will be suitable
candidates. Surgery will involve either lobec-
tomy or pneumonectomy depending on the site
of the tumour, its size and the patient’s respira-
tory reserve. Both procedures have a significant
mortality of approximately 5 and 10 per cent,
respectively. A more conservative segmental
resection could be considered for those with
very small tumours or limited respiratory
reserve, although the rate of local recurrence is
higher than that following lobectomy, espe-
cially for larger cancers. Complete mediastinal
lymph node dissection seems superior to node
sampling when combined with definitive lung
resection. Only 25 per cent of those selected for
radical resection will be cured because of either
occult persistence of local disease or distant
metastases at the time of surgery. The survival
rate following surgery varies greatly from series
to series but is in the region of 20-30 per cent
at 5 years, and reflects the selection criteria used
by the surgeon to determine which patients
undergo surgery and the skill of the surgeon
concerned. Table 7.2 outlines the contraindica-
tions to surgery.

Radiotherapy

Comparisons of radiotherapy versus surgery
have often been confounded by the majority of
poor performance status patients being treated
with radiotherapy. This is partly because radio-
therapy has the advantage of treating tumours



CASE HISTORY

A 65-year-old female smoker with no prior
history of pulmonary disease presents to her
GP during the winter months with a chest
infection manifest as cough productive of
purulent sputum and mild shortness of breath

on exertion. She receives a course of amoxy-
cillin to good effect but remains slightly short
of breath, which she attributes to her age.
Four weeks later, the cough and sputum
return. Once again she responds to a broad
spectrum antibiotic but this time the cough
persists. She attributes this to her smoking.
She then presents 6 weeks later with increas-
ing cough, sputum with some blood streaking,
and more significant shortness of breath. Aus-
cultation of the chest is inconclusive. In view
of persistent pulmonary symptoms in a
smoker, a chest X-ray is arranged and this
reveals collapse and consolidation of the right
middle lobe. An urgent referral is made to a
chest physician. Bronchoscopy is performed
and this indicates a polypoid tumour almost
completely obstructing the right middle lobe
bronchus with some ulceration and bleeding.
Biopsies are taken and laser resection used to
restore patency to the bronchus and achieve
haemostasis. Histology confirms small cell
carcinoma.

She is staged with a CT scan of the brain,
thorax and abdomen, which shows bulky right
hilar lymphadenopathy but no evidence of
distant metastatic disease. Following the scan,
she complains of headache and lethargy.
Serum biochemistry profile indicates a
sodium level of 118 mmol/L. Serum osmolar-

adjacent to or directly involving vital thoracic
structures, which cannot be sacrificed at opera-
tion. Five-year survivals of 10-30 per cent have
been achieved with radiotherapy alone, even
higher for TINO tumours. Preoperative and
postoperative radiotherapy has not produced
any significant prolongation of survival and is
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ity is low at 230 mosml/L (normal range 275-
295) and urine osmolarity inappropriately
low at 300 mosm/L (normal range 400-
1000). A diagnosis of inappropriate anti-
diuretic hormone secretion is made and she is
commenced on fluid restriction and demeclo-
cycline to good effect.

Once well, she commences systemic
chemotherapy with doxorubicin, cyclophos-
phamide and etoposide. After three cycles, CT
scan of the thorax shows re-expansion of the
right middle lobe and a dramatic reduction in
the size of the hilar lymphadenopathy. After a
further three cycles, there is no further meas-
urable disease. The demeclocycline is with-
drawn and the fluid restriction successfully
relaxed. Her excellent response to induction
chemotherapy is therefore consolidated by a
course of radiotherapy to the site of the origi-
nal bronchial tumour and adjacent hilum,
given concurrently with a course of prophy-
lactic cranial irradiation.

She remains well until 8 months later
when she experiences further cough and dys-
pnoea. This is now associated with malaise
and lethargy, and her performance status is
rapidly deteriorating. Chest X-ray confirms
recurrent bronchial obstruction and CT scan
indicates liver metastases. She declines further
chemotherapy. She requires two broncho-
scopic laser treatments within a 2-week
period. In order to reduce the need for contin-
ual bronchoscopies, she is treated with endo-
bronchial brachytherapy as a day-case
procedure. This successfully palliates the local
symptoms of her disease. She is referred to the
community multidisciplinary team affiliated
to her local hospice and dies 6 weeks later.

not routinely practised. Indeed, meta-analysis of
the randomized trials of postoperative radio-
therapy suggest a 7 per cent 2-year survival dis-
advantage for this approach, which should
therefore be used only within the context of
further clinical trials. The greatest advance in
recent years has been the development of
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TABLE 7.2 Contraindications to radical surgery for lung cancer

Patient parameter

Preoperative investigation

Poor lung function

Phrenic nerve palsy

Recurrent laryngeal nerve palsy

Invasion of trachea, aorta, heart, superior vena cava,
oesophagus

Distant metastases

Routine lung function testing
Diaphragmatic screening
Indirect laryngoscopy
CT/MRI scan of thorax

Relevant imaging studies and/or biopsies

CHART - continuous, hyperfractionated, accel-
erated radiotherapy. This regimen was devel-
oped to exploit the radiobiological advantages
conferred by rapid completion of treatment and
avoidance of breaks in radiotherapy at week-
ends. This entails treatment three times daily, 7
days a week for 2.5 weeks (54 Gy in 36 frac-
tions). In the pivotal randomized trial of
CHART which enrolled over 500 patients with
NSCLC, the 2-year survival was 29 per cent for
CHART versus 20 per cent for conventional (2
Gy/day) radiotherapy. The acute side-effects
were similar apart from a rapid onset of severe
dysphagia in the CHART group.

Chemotherapy

Platinum agents are still considered the corner-
stone of chemotherapy for NSCLC. Meta-
analysis  indicates  that  cisplatin-based
chemotherapy leads to small but consistent
improvements in overall survival in all patient
groups. In early NSCLC, chemotherapy in com-
bination with surgery yields a 13 per cent reduc-
tion in the odds of death and 5 per cent absolute
survival advantage at 5 years compared with sur-
gery alone. Comparable benefits are seen for the
comparison of radiotherapy and chemotherapy
versus radiotherapy alone. The optimal sequenc-
ing of modalities and schedule of drug adminis-
tration remains to be determined and is under
study in ongoing clinical trials. Chemotherapy is
being wused increasingly in a preoperative
(neoadjuvant) role to try to downstage disease
in order to facilitate surgery or high-dose radio-
therapy, again with promising results. As with
other solid tumours, synchronous chemoradio-
therapy (CRT) protocols are in widespread use

to maximize locoregional control and to treat
occult metastatic disease at distant sites. Meta-
analyses of trials of CRT versus radiotherapy
alone for locally advanced disease indicate an
improvement in local and distant progression-
free survival translating into a 7 per cent reduc-
tion in the odds of death at 2 years at the
expense of short-term increases in oesophagitis
and anaemia. Concurrent chemotherapy
appears to be superior to sequential chemo-
radiotherapy.

Radical treatment of small cell lung cancer
(SCLC)

Surgery

There is no proven role for radical surgery in
the treatment of SCLC.

Radiotherapy

Thoracic radiotherapy is of value in the com-
bined modality treatment of those with limited
stage disease. It has also gained wider accept-
ance in decreasing the risk of intrathoracic
recurrence in those who have had induction
chemotherapy, and is associated with a 5 per
cent absolute 3-year survival advantage.

Of those with controlled local, regional or
visceral disease, 60 per cent will sustain an
intracerebral relapse within 2 years. This is
often the sole site of disease relapse and fre-
quently proves to be a fatal manifestation of
their disease. Prophylactic cranial irradiation
(PCI) decreases the incidence of cerebral
metastases by approximately 50 per cent. Meta-
analysis data suggest a 5 per cent absolute 3-
year survival advantage for PCI. There is some



evidence suggesting the possibility of neuro-
psychiatric sequelae from PCIL.

Chemotherapy

The propensity for SCLC to disseminate early
and its inherent chemosensitivity means that
systemic treatment with chemotherapy is the
most appropriate initial management for both
limited and extensive stages of disease. Median
survival for untreated limited SCLC is only 14
weeks, falling to 7 weeks for those with exten-
sive disease. Combination therapy is more effi-
cacious than single-agent chemotherapy.
Objective responses in the order of 70-80 per
cent have been reported for a variety of
schedules, the active drugs being cisplatin/
carboplatin, cyclophosphamide, ifosfamide,
etoposide, vincristine, doxorubicin and irinote-
can. Complete responses of 30—40 per cent can
be expected in limited stage disease, and 20-30
per cent for extensive stage disease. There is no
benefit in prolonging chemotherapy beyond 6
months in duration. Chemotherapy improves
the median survival significantly to 6-12
months in extensive stage disease and 16-24
months in limited stage disease. In recent years,
published data have emerged suggesting a bene-
fit for chemotherapy (e.g. etoposide and cis-
platin) given concurrently with thoracic
radiotherapy for limited stage disease.
Chemotherapy drugs do not cross the blood—
brain barrier to a substantial degree, hence the
need for PCI in complete responders.

Palliative treatment

The priority of treatment is to relieve symp-
toms for the patient’s remaining lifespan with
as little inconvenience and discomfort as possi-
ble. There is published evidence confirming
that immediate chemotherapy confers a sur-
vival advantage for patients with metastatic dis-
ease versus best supportive care.

Radiotherapy

Radiotherapy is employed for local symptoms
from both NSCLC and SCLC when
chemotherapy is deemed inappropriate, and is
very effective at relieving cough, chest pain and
haemoptysis with palliation lasting for much of
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the patient’s remaining lifespan. Dyspnoea can
be helped if it is due to bronchial obstruction.
Treatment can be delivered using external beam
radiotherapy or high-dose rate brachytherapy
using an endobronchial catheter placed adja-
cent to the tumour under bronchoscopic
guidance. Large single doses of thoracic radia-
tion are as effective as a more prolonged course,
e.g. 10 fractions in 2 weeks, in terms of onset,
quality and duration of response, at least for
patients in poor general condition. Median sur-
vival in such cases is only 6 months, with a
1-year survival of 20 per cent falling to 5 per
cent at 2 years. Palliative thoracic irradiation
can be repeated if symptoms recur, providing
care is taken not to exceed the radiation toler-
ance dose of the spinal cord.

Chemotherapy

A rather pessimistic aura has pervaded the
management of advanced NSCLC for too long.
The emergence of new drugs and the resulting
combination therapy has led to increased
response rates, disease-free survival and overall
survival prolongations. Cisplatin/carboplatin
remains the standard treatment for NSCLC. In
advanced NSCLC, cisplatin-based chemother-
apy reduces the risk of death at 1 year by 27 per
cent (10 per cent absolute survival advantage,
increase in median survival of 6 weeks) com-
pared with best supportive care. Combination
chemotherapy yields an approximate doubling
in response rates compared with single agents,
but is significantly more toxic. In recent years, a
number of other agents used alone or in combi-
nation with cisplatin have demonstrated activ-
ity in NSCLC:

vinorelbine

gemcitabine
paclitaxel/docetaxel
premetrexed (Alimta®).

Objective responses are often lower than the
rate of symptom relief in lung cancer patients.
Combinations are associated with higher
response rates than single-agent therapy. A ran-
domized trial comparing five cisplatin-containing
regimens showed no significant difference in
response, duration of response, or survival. Con-
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troversy therefore still exists regarding the opti-
mum combination of these drugs.

For SCLC, the drug regimens are similar to
those used for primary treatment. It is sound
practice to use drug combinations with con-
stituent drugs to which the patient has not pre-
viously been exposed.

Biological therapies

Cetuximab (Erbitux®) is a monoclonal anti-
body. It inhibits the epidermal growth factor
receptor (EGFR) which is often overex-
pressed in NSCLC. Cetuximab is synergistic
with cisplatin/carboplatin, vinorelbine and
paclitaxel, which are active agents in NSCLC
and radiotherapy. The commonest side-effect
is an acne-like rash. Its precise role though is
yet to be defined, although it remains a prom-
ising addition to standard chemotherapy in
advanced disease. K-ras is involved in signal
transduction ‘downstream’ from EGFR. Test-
ing for mutations of the K-ras oncogene can
be wundertaken on tissue from diagnostic
biopsy and this may predict those patients
unlikely to respond to cetuximab. Beva-
cizumab (Avastin®) is an inhibitor of vascular
endothelial growth factor (VEGF), which is
involved in tumour angiogenesis. When added
to chemotherapy, it leads to modest improve-
ments in response rates, time to progression
and overall survival.

Tyrosine kinase inhibitors such as gefitinib
(Iressa®) and erlotinib (Tarceva®) are orally
delivered treatments that inhibit the intracellu-
lar pathways involved in cell signalling and may
have a role to play in the management of
advanced NSCLC, but this is yet to be defined
clearly and is the subject of ongoing research.

Other treatment modalities

Endobronchial laser therapy

This is particularly useful for proximal endo-
bronchial tumours in relieving haemoptysis by
permitting direct coagulation of the bleeding
tumour and in relieving bronchial obstruction
by acting as a cutting diathermy. It is frequently
used in patients who have already received a
maximal dose of radiation to the thorax.

Endobronchial stent insertion

This can provide instantaneous symptomatic
relief when a tumour is occluding one of the
main bronchi. By the opening up of an
obstruced bronchus, the collapsed lung distally
can re-expand.

Vocal cord apposition

Teflon injection into the posterior two-thirds of
the vocal cord leads to approximation of the
vocal cords. It is indicated for recurrent laryn-
geal nerve palsy when there is persistent aspira-
tion of food and pharyngeal secretions into the
bronchial tree, leading to recurrent chest infec-
tions or respiratory distress.

Pleuropericardial aspiration

Drainage of pleural and pericardial effusions will
rapidly relieve dyspnoea and sometimes any asso-
ciated chest pain or dry cough. Talc or bleomycin
may be instilled into the pleural cavity to obliter-
ate the pleural space (pleurodesis) and thereby
prevent further fluid accumulation.

Other medical measures include:

antibiotics for chest infections

codeine or methadone linctus as a cough
suppressant

analgesics for chest pain

treatment of biochemical abnormalities
resulting from non-metastatic manifestations.

Tumour-related complications

Complications can be divided into thoracic and
extrathoracic. Thoracic complications include:

pneumonia

pleural effusion

lung abscess

empyema

pneumothorax

massive pulmonary or pleural haemorrhage
atrial fibrillation

pericardial effusion

dysphagia

broncho-oesophageal fistula

sudden death from rupture of one of the
great vessels



Horner’s syndrome
spinal cord compression (Fig 7.10)
superior vena cava obstruction (Fig. 7.11).

Extrathoracic complications can be inferred
from Table 7.1. Ectopic hormone production is
most common with SCLC although squamous
carcinomas may produce a parathyroid
hormone-like peptide leading to hypercal-
caemia or a syndrome of inappropriate antidi-
uretic hormone secretion (STADH).

Treatment-related complications

Radiotherapy

Radiation oesophagitis is characterized by a feel-
ing of retrosternal discomfort on swallowing
food or fluids, particularly if hot or spicy, and
beginning 2 weeks after commencing radiother-
apy. Sucralfate and local anaesthetic lozenges
may be of symptomatic benefit. Symptoms are
rarely severe enough to interfere significantly
with the patient’s nutrition and usually subside
within 2 weeks of finishing radiotherapy. Radia-
tion pneumonitis has an acute phase beginning 6
weeks to 3 months after radiotherapy and is
characterized by dry cough, fever, dyspnoea and
chest pain. Radiologically there is a diffuse opaci-
fication of the lung corresponding to the applied
radiation fields, which is often more severe than
the symptoms would suggest. Mild cases resolve
spontaneously but more severe cases will require
treatment with a broad spectrum antibiotic
together with prednisolone 20-40 mg daily.
Some will progress to a chronic phase character-
ized by increasing pulmonary fibrosis leading to a
restrictive defect and some degree of permanent
respiratory compromise. The probability of
pneumonitis can be minimized by using a small
radiation dose per fraction and treating as small a
lung volume as possible. As a consequence of the
large doses per fraction used for palliative radio-
therapy, some patients surviving long enough
can be at risk of developing radiation myelitis.

Surgery
Potential complications include:

empyema owing to infection within the
pleural space
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Figure 7.10 Vertebral body erosion from lung cancer. CT

image of the thorax. A tumour arising from the right main
bronchus has invaded posteriorly causing incipient spinal
cord compression.

decrease in respiratory reserve owing to
resection of lung tissue

persistent bronchopleural fistula

seeding of the tumour into the thoraco-
tomy scar and subcutaneous tissues; and
discomfort related to the scar, which may
lead to an unremitting neuralgia.

Chemotherapy

Many of the drugs used for SCLC cause alope-
cia. Radiotherapy can increase the toxicity of
drugs such as cyclophosphamide leading to pul-
monary fibrosis and Adriamycin leading to
heart failure.

Prognosis

The prognosis from lung cancer remains poor
and, despite advances in surgery, radiotherapy
and chemotherapy, it has not changed for sev-
eral decades. The three main poor prognostic
factors include:

advanced stage, e.g. large tumour size,
extrathoracic disease

small cell histology

poor performance status.

Patients with disease not amenable to radical
therapy have a median survival of 6 months or
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Figure 7.11 Superior vena cava (SVC) obstruction.

(@) Chest radiograph showing collapse of the right upper
lobe. (b) CT image of the same patient showing a soft
tissue mass in the medial segment of the right upper
lobe. It is impinging on the SVC. (c) SVC venogram. The
left brachiocephalic vein is patent. Blood flow is
obstructed at the SVC. (d) Flow in SVC restored. (e) SVC
stent in situ.




less. Only about 5 per cent of SCLC patients
survive 5 years. The pretreatment prognostic
factors that consistently predict for prolonged
survival include good performance status,
female gender, and limited stage disease.
Patients with involvement of the central nerv-
ous system or liver at the time of diagnosis have
a significantly worse outcome. Median survival
with current treatment of limited stage SCLC is
18-24 months, compared with 6-12 months for
those with extensive disease.

Ten to twenty per cent of patients with
NSCLC survive 5 years. Stage at presentation
is the most important prognostic factor in this
disease.

Among surviving smokers, there is a signifi-
cant risk of second primary cancers of 3—4 per
cent per annum, about half of which will be
second lung primary cancers.

Screening

Several large prospective screening projects
have been completed that have entailed regular
chest X-rays or sputum cytology. These have
not shown early detection by screening to
improve survival in the screened population.
Lung cancer survivors can be screened to reflect
their risk profile for second malignancies.

Prevention

Lung cancer is predominantly caused by smok-
ing tobacco, implicated in 90 per cent of cases.
Better health education, legislation to reduce
cigarette advertising and punitive taxes on
tobacco may decrease consumption and in turn
reduce the incidence significantly. Avoidance of
passive smoking in the social and work environ-
ment will be of benefit. Ventilation of dwellings
in regions where radon gas levels are high and
avoidance of industrial carcinogens can also
contribute to a reduction in lung cancer inci-
dence, particularly for non-smokers. Reducing
particulate air pollution in our cities could also
have a small impact. There is currently no evi-
dence to support recommending vitamins such
as o-tocopherol, B-carotene or retinol, alone or
in combination, to prevent lung cancer.
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Rare tumours

Bronchoalveolar carcinoma

This arises more often in women with a peak
incidence at 40-50 years. It accounts for 2 or 3
per cent of NSCLC cases. A higher proportion
will be non-smokers (one-third) compared with
other lung cancer types. It is a pure adenocarci-
noma. The cell of origin is the type 2 pneumo-
cyte of the alveoli. It arises peripherally and the
expectoration of large quantities of mucus is
characteristic. It more frequently remains con-
fined to the lung and may mimic non-malignant
conditions such as pneumonia and pneumonitis.
Stage for stage it has a better outlook than other
forms of NSCLC and may be more responsive to
some of the newer biological therapy approaches.

Carcinoid

Bronchial carcinoids are the most common
benign tumours, arising in the major bronchi.
They are more common in the right lung and
usually metabolically inactive but can produce
carcinoid syndrome without liver metastases.
They occasionally are the site of ectopic ACTH
production.

Thymoma

This arises from the adult remnants of the
thymus rather than the lung parenchyma; 90
per cent are found in the anterior mediastinum.
They are often detected incidentally when the
thorax is surveyed by imaging, such as CT, for
another purpose. There is a mixture of lympho-
cytic and epithelial components. Atypical cells
or frank malignant change in the latter alters
the diagnosis to thymic carcinoma. Thymomas
are often slow growing with invasion and
expansion at the site of origin. Thymomas are
associated with paraneoplastic autoimmune
syndromes such as myasthenia gravis (50 per
cent), polymyositis, lupus erythematosus,
rheumatoid arthritis, thyroiditis, Sjogren’s syn-
drome and autoimmune pure red cell aplasia.
Thymic carcinoma is potentially more aggres-
sive with a tendency to metastasize. Both are
best treated by surgical thymectomy. Post-
thymectomy radiotherapy is reserved for indi-
viduals with the more advanced stages of
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CASE HISTORY

A 44-year-old male smoker presents with two
episodes of haemoptysis. A chest X-ray shows a
2 cm rounded density adjacent to the right
hilum. Sputum cytology confirms squamous
carcinoma. Bronchoscopy indicates a localized

mucosal roughening 4 cm distal to the origin of
the right main bronchus. CT scan of the brain,
thorax and abdomen shows no evidence of dis-
tant metastases and a bone scan is clear. A PET
scan is also normal apart from a focus of hyper-
metabolism corresponding to the primary lung
tumour. Lung function tests show normal levels
of FVC and FEV1. He is referred to a thoracic
surgeon. A segmental lobectomy is performed.
Pathology indicates a 2.5 cm squamous cell car-
cinoma. The margins of excision are clear.

Two years later, he presents with a 2-week
history of nausea, increasing confusion and
polyuria. The corrected serum calcium is
measured at 3.85 mmol/L. After a dose of
zoledronic acid to correct the calcium, his
condition improves. A CT scan confirms
metastatic disease in the left adrenal gland
and liver. There are no bone metastases on an
isotope bone scan suggesting a retrospective
diagnosis of inappropriate parathyroid hor-

thymic carcinoma. There is an increased risk of
second malignancies.

MESOTHELIOMA

Epidemiology

Each year in the UK there are 2200 cases of
mesothelioma, 1800 cases in men and 400 cases
in women, accounting for 0.8 per cent of all
cancer cases and leading to a total of 2000
deaths per annum. They can arise at any age but
are most common in the 50-70-year age group.
There is a male predominance (5:1) reflecting
occupational exposure to asbestos, eg. in
miners, builders, naval dockyard workers. Only
three-quarters of patients actually give a history
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mone secretion. Rather than electing to be
treated with best supportive care, the patient
elects to be treated actively. After an EDTA
clearance scan to determine the glomerular
filtration rate, he receives six cycles of gem-
citabine in combination with carboplatin.
Prospective imaging confirms disease stabi-
lization. After stopping chemotherapy, he
remains on 4-weekly infusions of zoledronic
acid; 3 months after stopping chemotherapy, a
surveillance CT scan confirms significant
hepatic disease progression and bilateral adre-
nal metastases. He feels very weak to a degree
out of context with his disease activity and
this precludes further active treatment. A
random cortisol analysis suggests a very low
value. A diagnosis of adrenal insufficiency is
made. He is started on hydrocortisone
replacement therapy and regains his strength
with a corresponding improvement in per-
formance status. He then starts second-line
chemotherapy with single agent vinorelbine.
He responds to this by RECIST criteria but
develops cerebral metastatic disease. He
derives some benefit from whole brain radio-
therapy but profound somnolence precludes
further active treatment. He is referred to the
community palliative care team and dies of
progressive disease 3 years after diagnosis.

of asbestos exposure. Case clustering has been
described around asbestos mines (e.g. central
Turkey, Cyprus, Greece) and in those who used
to live near the asbestos processing factories of
East London.

Aetiology

Mesothelioma is not caused by smoking. It is now
recognized that asbestos exposure is the main risk
factor for both pleural and peritoneal mesothe-
lioma. Blue asbestos (crocidolite) is more carcino-
genic than white and brown types, and this is due
to the size and shape of the asbestos fibres. Not
only are asbestos workers at risk, but also their
spouses as the fibres are carried on clothing.
There is a long latent period (often 30-40 years)



between asbestos exposure and development of
mesothelioma, and cancer risk is dependent on
duration and intensity of fibre exposure. Most
patients have no evidence of asbestosis. About
half will give a history of occupational exposure
to asbestos. Patients with a possible occupational
history of asbestos exposure should be identified
as they may be eligible for industrial injuries
compensation. Such patients should have a post-
mortem examination.

Pathology

Mesothelioma arises from mesothelial cells of
the pleura, much less commonly the peri-
toneum, and very occasionally the pericardium
or tunica vaginalis around the testicle. Pleural
tumours are slightly commoner on the right,
probably owing to the greater surface area of
pleura at risk. Evidence of pulmonary asbestosis
is more common in those with peritoneal
mesothelioma, who often have a history of
heavy asbestos exposure. Macroscopically, there
are multiple, small, pale tumour nodules dif-
fusely involving visceral and parietal layers of
the pleura, particularly at the cardiophrenic
angle medially. These nodules coalesce to form
plaques, which encase the underlying lung and
infiltrate into the fissures and intralobular
septae. Eventually, the pleural space is obliter-
ated. There may be an associated pleural effu-
sion, usually rich in protein and blood-stained.

Microscopically, the tumours contain varying
proportions of epithelial and spindle cell ele-
ments (resembling adenocarcinoma and sar-
coma, respectively). Approximately two-thirds
are epithelial, and one-quarter mixed epithelial/
sarcomatous. Asbestos bodies might be found in
the underlying lung, and asbestos fibres identi-
fied in the tumour by electron microscopy.

Natural history

Mesothelioma relentlessly invades adjacent tho-
racic structures such as the underlying lung,
overlying chest wall, pericardium and contra-
lateral hemithorax. The tumour eventually
invades through the diaphragm to involve the
peritoneum and abdominal viscera. It also has a
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propensity to invade the chest wall and skin at
the site of a previous thoracocentesis owing to
direct implantation of tumour cells. Sarcoma-
tous tumours have a more rapidly progressive
natural history compared with epithelial types.
Lymphatic spread is uncommon. Symptomatic
distant metastases are also uncommon, even
during the terminal phase of the disease, but are
a greater problem in those with sarcomatous
histology and the very few, highly selected
patients treated by radical surgery.

Symptoms

Ninety per cent of patients with pleural
mesothelioma present with increasing dyspnoea
on exertion and/or chest discomfort on the
affected side: 70 per cent will have symptoms
of less than 6 months in duration at presenta-
tion. Dry cough and systemic symptoms, such
as anorexia, weight loss and fever, may occur.
Haemoptysis is very uncommon, in contrast to
lung cancer.

Signs

Finger clubbing and signs of chronic respiratory
compromise can occur if there has been prior
asbestosis. There is usually reduced expansion,
dullness to percussion and reduced breath
sounds over the affected region of the chest.
This can be difficult to distinguish from a pleu-
ral effusion.

Differential diagnosis

Asbestos can also cause a primary lung cancer,
which may present with similar symptoms and
signs. Other cancers, particularly adenocarcino-
mas, occasionally demonstrate a pleural pattern
of spread and are difficult to distinguish on
pleural fluid cytology alone or on analysis of
small fragments of pleura.

Investigations

Chest X-ray

This usually shows a lobulated pleural mass
with loss of volume of the affected hemithorax
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and there can be an associated pleural effusion
(Fig. 7.12). The changes are commoner in the
lower zones and may be bilateral. An underlying
asbestosis may be seen. The chest X-ray is best
taken after drainage of an effusion, which may
obscure the subtle signs of pleural thickening.

Pleural fluid cytology

This can be performed in the outpatient clinic
by inserting a hypodermic needle into an inter-
costal space under local anaesthetic. The fluid is
often heavily blood-stained and high in protein.
A high (>50ng/L) level of hyaluronic acid is
common. Cytological examination may reveal
malignant mesothelial cells, although the sensi-
tivity is not high (approximately 40 per cent).

Pleural biopsy

This is more invasive than obtaining fluid for
cytology. It does, however, give a more reliable
tissue diagnosis. A needle technique can usually
be performed under local anaesthetic. Ultra-
sound or CT can be used to obtain better local-
ization of pleural plaque for sampling. In
difficult cases, an open biopsy at thoracoscopy
or thoracotomy is necessary. Surgical biopsy has
the advantage of yielding a larger specimen for
histological analysis, drainage of pleural fluid
and even simultaneous talc pleurodesis.

Ultrasound of thorax

This is a useful investigation for localizing the
best place to perform a percutaneous pleural
biopsy or aspiration of a loculated pleural
effusion.

CT scan of thorax and abdomen

This is much better than plain radiographs for
demonstrating pleural plaques (Fig. 7.13) and
assessing the degree of local invasion. It can be
useful for localizing a suitable site for needle
biopsy. It is also useful in excluding gross
involvement of the peritoneum.

Staging

There is no formal staging system in widespread
clinical use. The modified Butchart staging clas-
sification shown below is an example:

Figure 7.12 Mesothelioma. Chest radiograph showing
encasement of the left lung. There is an associated
pleural effusion.

Stage I — disease confined within the cap-
sule of the parietal pleura: ipsilateral pleura,
lung, pericardium, and diaphragm

Stage II — all of stage I with positive
intrathoracic (N1 or N2) lymph nodes
Stage III — local extension of disease into
the following: chest wall or mediastinum;
heart or through the diaphragm, peri-
toneum; with or without extrathoracic or
contralateral (N3) lymph node involve-
ment

Stage IV — distant metastatic disease.

Treatment

Comparative studies show a survival advantage
for active treatment versus observation only.
Very few patients are suitable for radical surgical
resection. Pleuropneumonectomy (excision of
lung, pleura, hemidiaphragm and ipsilateral half
of pericardium) followed by high-dose hemitho-
racic radiotherapy in selected patients has shown
promising results but is yet to be tested in a ran-
domized trial. Mortality (20-30 per cent) and
morbidity is high. The less radical procedure of
pleurectomy (mortality 2 per cent) may palliate



Figure 7.13 Mesothelioma. CT image of the patient in
Figure 7.11 after drainage of the pleural effusion. Note
the confluent plaque of tumour surrounding the lung.

selected patients with severe, recurrent pleural
effusions. Patients can derive much symptomatic
relief from simple drainage of a pleural effusion.
Radiotherapy is of value in palliating chest pain.
Treatment is usually given to the involved
hemithorax. Two-thirds of patients will respond
symptomatically, although it is difficult to
demonstrate any objective tumour response to
the moderate doses used. Cisplatin is an active
drug in this disease. It can be combined with
premetrexed (Alimta®). Vinorebine has also
shown promising activity either as a single agent
or in combination with cisplatin.

Tumour-related complications

Many patients succumb to respiratory failure
from uncontrolled local disease. Pericardial con-
striction can occur owing to extrinsic tumour
pressure, and malignant pericarditis can cause
atrial fibrillation. Direct invasion of the
myocardium can also compromise cardiac func-
tion. Mediastinal compression can lead to dys-
phagia and superior vena cava obstruction.
Seeding of tumour cells along the path of an
intercostal needle is common and can lead to
subcutaneous and skin nodules. Peritoneal
involvement can lead to intestinal obstruction
and ascites. Non-metastatic manifestations
include hypercoagulability of the blood, autoim-
mune haemolytic anaemia, phlebitis, hypogly-
caemia and the syndrome of inappropriate
ADH secretion leading to hyponatraemia.
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Treatment-related complications

Pleuropneumonectomy has a mortality of
approximately 20 per cent. Treatment of the
whole hemithorax with radiotherapy can lead
to oesophagitis, nausea owing to irradiation of
the stomach and/or liver, and pneumonitis
owing to the large volume of lung irradiated.

Prognosis

The disease runs a variable natural history, and
therefore prognosis is unpredictable. In retro-
spective series of pleural mesothelioma
patients, important prognostic factors have
been found to be stage, age, performance status
and histology. Epithelial variants have a better
prognosis than sarcomatoid ones. For patients
treated with aggressive surgical approaches, fac-
tors associated with improved long-term sur-
vival include: epithelial histology, negative
lymph nodes and negative surgical margins.
Prognosis is usually very poor with a mean sur-
vival of 9 months, only 30 per cent surviving to
1 year, falling to <5 per cent at 2 years.

Screening/prevention

The dangers of asbestos exposure are now
appreciated. Asbestos is used much more spar-
ingly in industry. Care must still be taken when
older buildings are renovated, with careful iso-
lation of the working area and use of respirators.
High-risk individuals should be offered regular
chest radiographs.

FURTHER READING

Baldi A. Mesothelioma from Bench Side to Clinic.
Novo Science, Hauppauge, New York, 2008

Lorigan P. Lung Cancer. Mosby Elsevier, Edinburgh,
2007

O’Byrne K, Rusch V. Malignant Pleural Mesothe-
lioma. Oxford University Press, Oxford, 2006

Raez LE, Silva OE. Lung Cancer. Saunders, Edin-
burgh, 2008

Roth JA, Cox JD, Hong WK. Lung Cancer. Blackwell,
Oxford, 2008

Syringos KN, Nutting CM, Roussos C. Tumours of the
Chest. Springer, Berlin, 2006



88 LUNG CANCER AND MESOTHELIOMA

SELF-ASSESSMENT QUESTIONS

1. Which three of the following statements d. PET imaging is of value in those being
are true about the epidemiology of lung considered for curative surgery
cancer? e. CT imaging is performed in selected
a. It is the second commonest cancer in cases

the UK . .

. . 5. Which three of the following statements
b. It is far less common in women

. are true about the treatment of lung
c. Might be caused by asbestos exposure 5

. . cancer:
d. Might be caused by alcohol consumption . . .

. a. Adriamycin is the most active

e. Not proven to be caused by smoking

chemotherapy agent
. An attempt at curative surgery will be
undertaken in the minority
c. Small cell lung cancer is best treated
with chemotherapy

tobacco b
Associated with a high fat diet

g. Might be caused by environmental
radiation exposure

=)

2. Which one of the following statements is d. Radiotherapy is more effective for small

true about the pathology of lung cancer? cell carcinoma than non-small cell

a. Most are adenocarcinomas carcinoma

b. Adenocarcinomas tend to be fast e. Women have a higher response rate to
growing chemotherapy than men

c. Small cell carcinoma rarely spreads f. Trastuzumab is an active agent
outside the lung g. Cranial radiotherapy is useful for early

d. Brain metastases are common at stages of small cell lung cancer
presentation

6. Which one of the following statements is

e. Adrenal metastases are characteristic .
true about the prognosis of lung cancer?

3. Which three of the following statements a. 10-20 per cent will be cured

are true about the presentation of lung b. Non-small cell lung cancer cannot be

cancer? cured by radiotherapy

a. Usually diagnosed on a routine chest c. Small cell histology is a poor prognostic
X-ray in asymptomatic individuals factor

b. Usually presents with symptoms of d. The median survival of untreated small
metastatic disease cell lung cancer is 12 months

c. Palpable lymph nodes are usually e. Adenocarcinomas have a particularly
present at diagnosis poOr prognosis

d. Cough is a common symptom

e. Might present with recurrent chest
infections

f. Haemoptysis is rare

g. Dyspnoea implies locally advanced

7. Which three of the following statements
are true about mesothelioma?
a. There is an association with asbestos
exposure

di b. Most cases are not caused by smoking
isease . .
c. Presents with haemoptysis
4. Which one of the following statements is d. Most patients will be considered for
true about the staging of lung cancer? surgery
a. Staging is only undertaken in those e. Chemotherapy is the mainstay of
being considered for surgery treatment
b. Pulmonary angiography should be f. Distant metastases are uncommon
performed in all cases g. Prophylactic cranial radiotherapy may
c. Bone marrow trephines are routinely be considered

performed
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The breasts are hormonally responsive organs.
Their only purpose is to produce milk (lacta-
tion) in women. In men, they are vestigial, serv-
ing as a remnant of the common embryological
development of males and females.

EPIDEMIOLOGY

Each year in the UK there are 45 000 cases of
breast cancer, 325 cases arising in men, making it
the commonest form of cancer, accounting for
16 per cent of all cancer cases and leading to a

total of 12 000 deaths per annum. It is the most
common malignancy in females, the average
middle-aged woman having approximately a 1 in
10 chance of developing the disease at some
point during her lifetime (see Table 8.1). Left
sided cancers are slightly more common than
right sided ones (relative risk 1.05). The peak age
incidence is 50-70 years and only 0.5-1 per cent
of cases arise in men. It is a disease of the West-
ern world being much less prevalent in the Far
East, particularly Japan. There is an increased
incidence in higher socioeconomic groups.

TABLE 8.1 Probability of developing breast cancer according to age and life expectancy*

Age Absolute risk by time interval (%)

Free of breast cancer +10 years +20 years +30 years Lifetime

30 years 0.4 1.9 4.6 13.5(1in7)
40 years 1.5 4.2 7.5 13.2(1in7)
50 years 2.8 6.3 9.7 12.2(1in 8)
60 years 3.7 7.4 9.5 10.0(1in 10)

* (US population — adapted from SEER data 1997-1999).
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AETIOLOGY

The majority of cases are therefore sporadic
although hormonal influences are well recog-
nized.

Breast cancer is more common in women
with an early menarche or a late menopause.
Use of the combined oral contraceptive pill is
associated with a relative risk of around 1.25 for
around 10 years after its cessation. Hormone
replacement therapy (HRT) is also associated
with an increased risk of breast cancer:

14 in 1000 women aged 50-64 not taking
HRT develop breast cancer over 5 years.
For those taking oestrogen-only HRT for 5
years, an extra 1.5 per 1000 will develop
breast cancer.

For those taking combined (oestrogen/
progestogen) HRT for 5 years, an extra 6
per 1000 will develop breast cancer.

31 in 1000 women aged 50-79 not taking
HRT develop breast cancer over 5 years.
For those taking oestrogen only HRT for 5
years, no extra cases are observed.

For those taking combined (oestrogen/
progestogen) HRT for 5 years, an extra 4
per 1000 will develop breast cancer.

An artificial menopause (surgical oophorec-
tomy or radiation ovarian ablation) before the
age of 35 years, increasing parity, young age
(<30 years) at first pregnancy and breastfeeding
are protective. Obesity is associated with an
increased risk of breast cancer, with weight >82
kg associated with a relative risk of 3 compared
with those weighing <59 kg. Regular strenuous
exercise is protective. The relative risk for
women consuming 4 alcoholic drinks per day
compared with non-drinkers is 1.3, increasing
according to the amount of alcohol consumed.

Japanese women have a low risk of develop-
ing breast cancer. Japanese migrants to the US
eventually acquire the risk of the indigenous
population, suggesting that there is an unknown
environmental cofactor involved.

An increased incidence of breast cancer has
been reported in atomic bomb survivors, women
treated with radiotherapy for postpartum masti-
tis, Hodgkin’s disease or ankylosing spondylitis,

and women who underwent regular chest fluo-
roscopies to monitor the progress of iatrogenic
pneumothorax as treatment for tuberculosis. The
carcinogenic effect of radiation on the breast
varies inversely with age at the time of exposure
and is dependent on radiation dose.

Historically, Bittner demonstrated that a
virus transmitted via breast milk in mice led to
the development of mammary tumours. A viral
cause has not been demonstrated in humans
with breast cancer.

Common benign lumps such as fibroadeno-
mata do not progress to carcinoma, but atypical
ductal hyperplasia confers an increased risk of
breast cancer and such patients should be kept
under regular surveillence. Ductal carcinoma in
situ (DCIS) and lobular carcinoma in situ
(LCIS) are both precursors to invasive malig-
nancy (see below) and therefore their presence
in a breast biopsy is a significant risk factor.

Only as few as 5 per cent of cases are due to
inheritable genetic abnormalities (e.g. BRCA
gene mutations). The relative risk (RR) of
breast cancer is significantly increased when
first-degree relatives have previously been

affected:

one first-degree relative (RR 2)

first-degree relative diagnosed at <40 years
(RR 3)

two first-degree relatives (RR 4)

bilateral breast cancer (RR 4).

Inheritance of mutated BRCA genes confers
an 80-90 per cent lifetime risk of breast cancer.
The chance of a woman without a history of
breast/ovarian cancer carrying such a mutation
is 1 in 500 (0.2 per cent), rising to 1 in 50 (2 per
cent) if she has a history of breast cancer and 1
in 11 (9 per cent) if this was diagnosed at <40
years of age.

Some familial cases have been found to have
a mutated BRCAI gene located on chromosome
17 (17q12-21). BRCAI carriers are more likely
to develop the uncommon ‘medullary’ histolog-
ical subtype of breast cancer and exhibit less in
situ disease. Many BRCAI tumours are derived
from the basal epithelial layer of cells of the
normal mammary gland, which characteristi-
cally exhibit high-grade features, areas of



necrosis, are typically oestrogen receptor-nega-
tive, HER2-negative, and stain positive for
cytokeratins 5/6, 14, or 17, which are markers of
basal epithelium. BRCAI mutation carriers also
have an increased risk of developing early onset
carcinoma of the ovary and fallopian tube.

Female and male breast cancer may also be
associated with another breast cancer gene —
BRCA2 on chromosome 13. BRCA2 gene
mutations also lead to an increased risk of pan-
creatic cancer, testicular cancer and early onset
prostate cancer.

Two specific BRCAI mutations (185delAG
and 5382insC) and a BRCA2 mutation
(6174delT) have been reported to be common
in families of Ashkenazi Jewish descent. Other
genetic abnormalities associated with familial
breast cancer include:

TP53 mutations in Li-Fraumeni families
(associated ~ with leukaemia, gliomas,
adrenocortical carcinomas and soft tissue

sarcomas)
PTEN mutation in Cowden’s disease
(macrocephaly, mucocutaneous hamar-

tomas, thyroid disease)

STK11 in Peutz—Jeghers’ syndrome
Heterozygotes for the ataxia telangiectasia
gene.

PATHOLOGY

Macroscopically, most carcinomas arise in the
upper outer quadrant of the breast and are usu-
ally solitary, although multifocal tumours can
occur in the same or opposite breast. The
tumour can be well circumscribed or diffusely
infiltrating. The cut surface and texture will
vary depending on the tumour type. For exam-
ple, a scirrhous tumour will have a gritty tex-
ture and grey/white cut surface, while a colloid
carcinoma will have a more gelatinous texture.
Conversely, a diffusely infiltrating lobular
cancer might be invisible to the naked eye.
Microscopically, breast cancers are classified
as ‘lobular’, arising in the lobules at the termina-
tion of the duct system of the breast, or ‘ductal’
arising from the extralobular ducts themselves.
In situ carcinoma is diagnosed when all the
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malignant cells are confined to the lumen of the
duct or lobule and do not breach the basement
membrane. This contrasts with invasive carci-
noma where malignant cells breach the base-
ment membrane. The vast majority are ductal
carcinomas but there are a number of variants
including papillary, scirrhous, colloid, medullary
and comedo carcinomas. Oestrogen and proges-
terone receptors are detectable, usually reach-
ing high levels in well-differentiated tumours.

Variants worthy of special mention include
the following.

Ductal carcinoma in situ (DCIS)

This is more common than lobular carcinoma
in situ with a peak incidence 5-10 years later;
70-80 per cent are symptomatic with a lump
palpable in 60 per cent; 10 per cent present
with nipple discharge, usually blood stained.
Central necrosis leads to calcium deposition
and therefore 50 per cent can be detected by
mammography. Two per cent of surgically
staged patients have spread to the axilla owing
to areas of unrecognized invasive carcinoma,
and 40 per cent will progress to invasive carci-
noma after biopsy alone.

Lobular carcinoma in situ (LCIS)

This could be an incidental finding in a biopsy
performed for benign breast disease or associ-
ated with an invasive cancer; 70 per cent of
cases arise in premenopausal women and it is
frequently bilateral. It is usually undetectable
clinically and might not be seen on a mammo-
gram owing to the lack of necrosis (and there-
fore calcification) in the lesion. It is a marker of
a high probability of subsequent invasive
cancer. About one-third will develop invasive
cancer in the same or contralateral breast
within 20 years of diagnosis. The rate of pro-
gression to carcinoma after biopsy alone is
approximately 1 per cent per annum.

Inflammatory carcinoma

This comprises only 2 per cent of all cases of
breast cancers. Clinically there is ill-defined
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Figure 8.1 (a) Inflammatory breast cancer. (b) Note the small skin biopsy scar. The tissue removed confirmed dermal
lymphatic invasion by carcinoma cells. This type of breast cancer can be confused with an infective process,

particularly in lactating women.

erythema, tenderness, induration, and oedema
(Fig. 8.1). It may be misdiagnosed as a breast
abscess. Microscopically there is invasion of
dermal lymphatics by tumour cells. It behaves
aggressively with a high rate of local recurrence
and distant metastases.

Paget’s disease of the breast

This is a premalignant condition affecting the
nipple and areola and arises in older women.
Clinically there is erythema, dryness and fissur-
ing of the nipple, sometimes with exudation of
fluid, resembling eczema (Fig. 8.2). Unlike
eczema, it is very rarely bilateral; it is confined
to the nipple/areola, less itchy and not associ-
ated with vesicle formation. It is microscopi-
cally characterized by large, pale Paget cells
within the epidermis, which do not invade the
dermis. All patients have an associated ductal
carcinoma. Half have an associated lump, more
than 90 per cent of which are invasive carcino-
mas. If no lump is palpable, 30 per cent will
have an underlying invasive carcinoma and 70
per cent ductal carcinoma in situ.

Bilateral breast cancer

This is more common in those with a strong
family history of breast cancer and those diag-
nosed at an early age. Synchronous primaries
(i.e. two tumours occurring simultaneously) are

rare, occurring in <1 per cent of cases, while a
metachronous primary (i.e. diagnosed 6 months
or more after the original tumour) has an inci-
dence of 1-2 per cent per year on follow-up. A
second primary tumour is suggested by its being
of a different histological type and differentia-
tion to the original tumour with surrounding in
situ changes.

‘Basal’ cancers

These are usually ductal carcinomas that are
‘triple negative’, i.e. hormone (oestrogen/proges-
terone) receptor- and HER2-negative. In younger
women they may suggest an increased probabil-
ity of an underlying genetic predisposition.

Male breast cancer

This is rare. There is an association with inher-
ited BRCA2 gene mutations. The tumours are
morphologically the same as those seen in
women and have a similar natural history. There
is a high incidence of oestrogen receptor posi-
tivity. The management is largely comparable to
that in female breast cancer.

NATURAL HISTORY

The primary tumour enlarges and invades adja-
cent breast tissue, eventually leading to fixation
to the pectoral fascia, serratus anterior muscle
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Figure 8.2 (a) Paget’s disease of the nipple (male patient). Note the resemblance to eczema. (b) Note the large breast

7

mass in the same patient suggestive of the underlying carcinoma.

Figure 8.3 Locally advanced breast cancer. The breast is
diffusely infiltrated by tumour. Multiple nodules are
erupting over the surface of the breast.

and ribs. The parietal pleura might be breached
in neglected cases leading to transcoelomic
spread within the pleural cavity. The dermal
Iymphatics can be invaded leading to ‘peau
d’orange’ or satellite lesions. The dermis and
epidermis can become infiltrated directly lead-
ing to nodules (Fig. 8.3), plaques, ulceration or
inflammatory changes (Fig. 8.4). In neglected
cases, the whole breast can be replaced by
tumour with tumour growing externally as an
exophytic mass (Figs 8.5 and 8.6). In excep-
tional cases, the breast can even be consumed
by the cancer process (Fig. 8.7).

The likelihood of lymphatic involvement
increases with increasing tumour size, decreas-
ing tumour differentiation and lymphatic chan-
nel invasion within the primary tumour.

Figure 8.4 Locally advanced breast cancer. There is
ulceration of the overlying skin. There are inflammatory
changes in the surrounding skin suggesting invasion of
the dermal lymphatics.

Approximately one-third will have macro-
scopic or microscopic spread to the axillary
nodes at the time of diagnosis. Involvement of
the supraclavicular nodes is of particularly poor
prognostic significance and is classified as a dis-
tant metastasis in the TNM staging. Medial
tumours can involve the internal mammary
nodes in the parasternal region (Fig. 8.8), partic-
ularly if large and if the axillary lymph nodes
are involved.

The most common site for distant metastases
is the skeleton. Other sites include liver, lung,
brain and skin. Bone metastases may be pre-
dominantly lytic (Fig. 8.9), sclerotic (Fig. 8.10,
page 97) or a mixture of the two types. The dis-
ease can remain confined to the skeleton for
much of its natural history and the burden of




Figure 8.5 Examples of fungating breast cancer. (a) An enormous fungating tumour. This patient suffered from
schizophrenia, which contributed to the late presentation. (b) Vascular tumour mass.
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Figure 8.6 Another example of a locally advanced cancer
with fungation. (a) Frontal view. Note the florid peau
d’orange. (b) Side view.

Figure 8.7 Neglected breast cancer. The woman had not
undergone mastectomy - the breast has been consumed
by the malignant process over years.

Figure 8.8 Internal mammary lymph node recurrence. CT
image of the thorax. There is an expansile mass in the
right parasternal region.



skeletal disease considerable (Fig. 8.11, page
98). Some patients present years after their
original breast cancer diagnosis with respiratory
symptoms from pleural disease (Fig. 8.12, page
98). Breast cancer occasionally spreads to both
ovaries, giving rise to ‘Krukenberg tumours’, a
phenomenon also seen in stomach cancer. Lob-
ular cancers have a particular propensity for
gastrointestinal and genitourinary involvement.

SYMPTOMS

The majority present with a painless breast
lump or distortion of the breast, which might
be associated with a blood-stained nipple dis-
charge. Patients detected by screening are likely
to be asymptomatic. Less frequently the presen-
tation is with diffuse enlargement or reddening
of the breast, and occasionally lymphadeno-
pathy or symptoms from distant metastases.

it At
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SIGNS

The lump is usually non-tender, well defined
and most likely to be located in the upper outer
quadrant, which contains the majority of the
breast tissue. Breast discomfort is occasionally a
presenting symptom. In advanced cases, the
overlying skin can be dimpled or frankly
invaded by tumour leading to reddening,
induration and nodular irregularity. Fixation to
the skin or chest wall will limit mobility of the
lump, and this should be sought by the clinician
during physical examination. A very large lump
will lead to obvious asymmetry of the breasts.
There may be enlargement of the ipsilateral
axillary lymph nodes, the mobility of which
should be assessed as part of the clinical staging,
and less frequently enlargement of the supra-
clavicular Iymph nodes. Hepatomegaly could
suggest metastatic infiltration while intratho-
racic signs of collapse, consolidation or pleural

Figure 8.9 Lytic bone metastases. Such lesions are at particular risk of pathological fracture. (@) Humerus, scapula and

clavicle. (b) AP and lateral views of forearm.

continued
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Figure 8.9 (c) i and ii: Vertebrae. Sequential lateral
radiographs of the thoracic spine taken nearly 2 months
apart showing development of a wedge collapse.

(d) Skull.

effusion could suggest pulmonary or pleural
metastases. Bone metastases are most frequent
in the thoracic and lumbar spine and can lead to
tenderness when pressure is applied to the
affected vertebrae.

DIFFERENTIAL
DIAGNOSIS

A number of benign breast lumps are clinically
indistinguishable from carcinoma including
fibroadenoma, duct papilloma, breast abscess,
fat necrosis, haematoma and galactocoele. Many




Figure 8.10 (a) Plain radiograph of the thoracic spine
showing a sclerotic metastasis from breast cancer.
(b) Lateral view of lumbar spine.

such cases will be diagnosed as non-malignant
during preoperative investigations. Rarer malig-
nant tumours of the breast may occasionally
cause confusion (‘rare tumours’).

INVESTIGATIONS

‘Triple assessment’ comprises physical examina-
tion, mammography and ultrasonography.

Mammography

This comprises radiographic examination of the
breasts using low energy X-rays to allow defini-
tion of the soft tissue detail and breast architec-
ture. Two views are taken of each breast, usually
in craniocaudal and oblique projections. These
may substantiate the clinical diagnosis of carci-
noma, detect ductal carcinoma in situ in both
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the affected and contralateral breast, and local-
ize the tumour, to assist the planning of a
biopsy or definitive surgical procedure. Carci-
noma is suggested by an irregular mass lesion
containing areas of microcalcification, some-
times with distortion of the surrounding breast
architecture (Fig. 8.13).

Breast ultrasound

This enables the radiologist to determine
whether a lump is solid or cystic, the former
being more likely to be malignant, and facili-
tates fine needle aspiration or needle biopsy of
small lumps under direct vision, reducing the
risk of a geographical miss and thereby increas-
ing the sensitivity of the procedure. It provides
images that are complementary to those
obtained by mammography (Fig. 8.14).
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Figure 8.12 Pleural spread. CT image of the thorax. There
is nodular involvement of the pleura on the right side.

Figure 8.13 Two-view mammogram. There is a spiculate
density with flecks of microcalcification typical of
carcinoma. (a) Oblique view. (b) Craniocaudal view.




Figure 8.14 Ultrasound image of a breast cancer. The
lesion is a sonographically rounded mass with complex
echoes within it and a transmission void beyond the main
mass.

Magnetic resonance imaging

This is reserved for the investigation of more
difficult cases, e.g. a suspicious lump arising in a
breast augmented with a tissue expander or sil-
icon implant, where mammography can be
impractical. It is also useful in excluding multi-
focal disease in mammographically dense
breasts and in excluding occult contralateral
breast cancer in those with invasive lobular
carcinoma.

Fine needle aspiration (FNA) cytology

This is a rapid, safe, relatively non-traumatic
procedure which can be performed at an outpa-
tient consultation and can provide a tissue diag-
nosis within hours. It should be performed
whenever a palpable lump or suspicious area of
induration is found, and is applicable to the pri-
mary tumour, regional lymph nodes or suspi-
cious skin lesions. Small, impalpable lesions
might have to be localized by stereotactic mam-
mogram or ultrasound. It cannot, however, dis-
tinguish a focus of in situ carcinoma from
invasive carcinoma, and does not allow accurate
grading of the tumour.

Investigations
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Figure 8.15 Specimen radiograph showing the tumour
excised with a good margin of clearance all round. The
radio-opaque markers allow the pathologist to orientate
the specimen.

Needle biopsy

This is performed under local anaesthetic and is
a little more traumatic than FNA but gives a
core(s) of tissue for histological analysis. This
may allow a preoperative diagnosis of in situ
versus invasive carcinoma, a preliminary grad-
ing and determination of hormone receptor
status.

Nipple discharge cytology

This is useful in women presenting with a
bloody nipple discharge in the absence of a pal-
pable lump.

Excision biopsy

An excision biopsy is mandatory when it is not
possible to obtain a tissue diagnosis by FNA or
core biopsy. The procedure is usually performed
under general anaesthetic and the specimen can
be sent for instant frozen section so that, if a
more radical operation is deemed necessary, it
can be performed immediately. Small, impalpa-
ble lesions are first localized with a ‘guidewire’
under radiological control, which can be used to
determine which piece of tissue should be
excised. A specimen radiograph (Fig. 8.15) is
useful to confirm peroperatively that the area
under suspicion has been fully excised.
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Exclusion of metastatic disease

The results of these investigations may influ-
ence the treatment planned, offer useful prog-
nostic information and provide a valuable
baseline assessment, which may be of assistance
in the future care of the patient.

CT scan of the brain, thorax, abdomen and
pelvis

isotope bone scan

serum CA 15-3 breast cancer tumour
marker assay. A very high preoperative level
or persistently high level after surgery may
suggest distant metastatic disease.

There is, however, little evidence that rou-
tinely performing such screening investigations
in asymptomatic patients is either clinically
useful or cost effective, but they should be per-
formed if there is any clinical suspicion of
metastases at these sites and should be consid-
ered in high-risk individuals (e.g. T3/T4 cancers,
or those with four or more axillary lymph
nodes).

STAGING

The TNM staging is the most frequently used
and can be used as a guide to management and
prognosis:

TO — No evidence of primary tumour

TX - Primary tumour cannot be assessed
Tis — Carcinoma in situ

T1 -2 cm or less in greatest dimension

— 1a—0.5 cm or less in greatest dimension
— 1b — >0.5 cm but not >1 cm in greatest

dimension
— lc — >l cm but not >2 cm in greatest
dimension
T2 - >2cm but not >5cm in greatest
dimension

T3 - >5 cm in greatest dimension

T4 — Tumour of any size with extension to

chest wall and/or skin

— 4a - Invasion of chest wall (ribs, serratus
anterior, intercostal muscles)

- 4b - Oedema/‘peau d’orange’, ulcera-
tion, satellite nodules confined to same
breast

— 4c - Both 4a and 4b

— 4d - Inflammatory carcinoma

NO - No lymphadenopathy

N1 - Ipsilateral mobile axillary nodes

N2 - Ipsilateral axillary nodes fixed to one
another or to adjacent structures

N3 - Ipsilateral internal mammary node
metastases

M1 — Involvement of supraclavicular nodes
or distant metastases.

TREATMENT

The aims of treatment are:

locoregional control with optimal cosmesis
reduction of risk of developing distant
metastatic disease

minimization of short- and long-term
treatment-related morbidity

The treatment of breast cancer for an indi-
vidual depends on the clinical stage of the dis-
ease, menopausal state and performance status
of the patient. Ideally, the patient should be
assessed in a multidisciplinary breast clinic by
both the surgeon and the oncologist prior to
any definitive treatment so that the optimum
treatment can be instituted at the outset.

Treatment of local disease

Ductal carcinoma in situ (DCIS)

DCIS is curable in the vast majority of patients.
However, local treatment must ensure that it is
eradicated as there is a high risk of local recur-
rence, which may be invasive in potential. Tra-
ditionally, simple mastectomy was the
treatment of choice, and this is still the case for
multifocal disease or when clear surgical mar-
gins cannot be attained. However, in recent
years, the experience of breast conservation for
invasive cancers has been extrapolated to DCIS.
Whilst small foci of low/intermediate grade
DCIS can be treated with excision alone, if ade-
quate margins of clearance are attained, local
excision and adjuvant radiotherapy to the
breast alone is now standard treatment in many
centres for unifocal DCIS that has been com-
pletely excised. Tamoxifen may further reduce
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CASE HISTORY

A 43-year-old premenopausal women presents
with a 6 cm diameter lump arising within a
small breast with no axillary lymph node
enlargement. Mammography and ultrasound
are suspicious for carcinoma. Fine needle aspi-
ration confirms malignant cells and a core
biopsy indicates a Grade 3 invasive ductal car-
cinoma, which is hormone receptor negative.
Staging investigations indicate no evidence of
metastatic disease. The tumour is therefore
staged as T3NOMO. The only surgical option is
mastectomy. The patient will require
chemotherapy after mastectomy so opts to
receive it as neoadjuvant (i.e. preoperative)
treatment. A radio-opaque marker is inserted
under ultrasound guidance to mark the site
of the tumour radiologically. After three cycles
of chemotherapy using doxorubicin and
cyclophosphamide (60 mg/m? and 600 mg/m?
repeated every 21 days), the lump clinically
measures 2 cm in diameter. By six cycles, it is
almost impalpable clinically but still visible on
mammography. A breast-conserving operation
is now feasible and she undergoes a wire local-
ized excision of the residual disease and axil-
lary lymph node dissection. Histopathological
examination confirms a 1 cm diameter area of
residual Grade 2 ductal carcinoma and DCIS,
representing tumour that has been down-
graded by chemotherapy. Two of 12 axillary
lymph nodes sampled are involved. The
tumour is confirmed as negative for oestrogen
receptors, progesterone receptors and HER-2.
Postoperative radiotherapy is delivered to the
breast alone. No further adjuvant therapy is
given as hormone manipulation will confer no
advantage.

The woman remains well for 9 months
after completing her treatment but then pres-
ents with a persistent aching pain in the right
upper quadrant of the abdomen. Examination
reveals tenderness and fullness in the right

Treatment

subcostal region. Liver function tests indicate
a v glutaryltransferase (GGT) of 470 U/L
(normal <42) and alkaline phosphatase (ALP)
of 350U/L (normal range 38-126). The
CA15-3 breast cancer marker is also elevated
at 400 U/mL (normal range <50). Preliminary
liver ultrasound confirms multiple hypo-
echoic lesions suggestive of metastases. CT
scan of the thorax/abdomen and isotope bone
scan are undertaken as staging investigations.
These confirm multiple metastases through-
out both lobes of the liver but no disease else-
where. In view of a relapse occurring within
less than 1 year after treatment with an
anthracycline, chemotherapy is recommended
using a taxane (docetaxel 100 mg/m? every 21
days). Three cycles are given with resolution
of the woman’s presenting symptoms. Repeat
examination is normal and CT of the liver
shows a partial response. The CA15-3 is 75
U/mL and there has been more than 50 per
cent decrease in GGT and ALP. A further
three cycles of docetaxel are given with fur-
ther clinical, biochemical and radiological
response. CA15-3 falls to 40 U/mL by the end
of chemotherapy and a baseline scan 6 weeks
after the last cycle shows a further response
compared with the previous one.

Six months later, she presents with increas-
ing dyspnoea on exertion. Clinically, there are
no signs of note. Chest X-ray shows bilateral
perihilar opacification suggestive of lymphan-
gitis. CT scan confirms military-type metas-
tases throughout both lung fields and a
further increase in the number and size of
liver metastases. Further chemotherapy is
delivered using vinorelbine 25 mg/m? on days
1 and 8 of a 21-day cycle. G-CSF growth
factor support is necessary because of signifi-
cant myelotoxicity. An interval scan after
three cycles shows no response. It is decided
that further active oncological treatment is
inappropriate and that symptom control
should be the priority. The woman dies
approximately 2 years after presentation.
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the risk of local recurrence within the breast
after breast-conserving treatment if, as is usually
the case, the DCIS is oestrogen receptor-positive.
Pure DCIS should not spread to regional lymph
nodes and therefore no axillary surgery is neces-
sary. Similarly, DCIS has no potential for sys-
temic spread, and therefore there is no role for
chemotherapy in the management of DCIS.

Invasive cancer
Surgery

Surgery facilitates total clearance of the primary
tumour and pathological examination of the
primary tumour and regional lymph nodes. The
operation used will depend on the size of the
lump, its location within the breast, the size of
the breast, the presence of multifocal disease or
extensive carcinoma in situ in the surrounding
breast tissue, and the surgeon’s own practice
and prejudices. Options for treating the primary
tumour include:

wide local excision

simple mastectomy

modified radical mastectomy

radical mastectomy (rarely performed these

days).

With lumpectomy/wide local excision, the
tumour is excised with a small (approx. 1 cm)
margin of apparently uninvolved surrounding
breast tissue. This gives an excellent cosmetic
result as it preserves the bulk of the breast and
nipple/areola complex, even in women with
small breasts. It is unsuitable for very large
tumours (>5 cm in maximum dimension), par-
ticularly if located centrally, although with suc-
cessful preoperative chemotherapy it could
become a viable proposition. Inflammatory car-
cinomas are never treated with breast-conserv-
ing surgery. Even if the excision margins are
clear after microscopic examination of the
specimen, there is a risk of local recurrence in
the order of 30 per cent without further local
treatment.

Simple  mastectomy involves  complete
removal of the involved breast. The pectoral
muscles are preserved. The procedure is often
combined with a breast reconstruction using
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either a tissue expander (Becker implant) or
latissimus dorsi (LD) muscle transposition flap.
If reconstruction is not undertaken, the physical
appearance of the chest wall will be far superior
to that after a more radical mastectomy.

Modified radical (Patey) mastectomy com-
prises a simple mastectomy and axillary lymph
node dissection. Radical (Halstead) mastectomy
involves en bloc removal of the breast, pec-
toralis major and minor muscles, and the axil-
lary contents. It is rarely performed in the
current era unless the tumour is directly invad-
ing the underlying pectoral muscle to a signifi-
cant degree.

In recent decades, there has been an increas-
ing trend towards a philosophy of breast conser-
vation attributable to an improvement in the
techniques of postoperative radiotherapy and
an appreciation of its complementary role in
the management of breast cancer. Mastectomy
is still the treatment of choice in certain
situations:

when the patient wishes to have the breast
removed

extensive ductal carcinoma in situ

Paget’s disease of the nipple with an occult
primary

multifocal primaries

inflammatory carcinoma

treatment of malignant phylloides tumour
or sarcoma

a very large tumour in a small breast, par-
ticularly if centrally located

salvage treatment after failure of conserva-
tive therapy

as a toilet procedure for a fungating
tumour.

The psychosexual trauma and disturbance of
body image that breast surgery can inflict
should be considered. Patients for whom a mas-
tectomy is planned should have the opportu-
nity to see a trained breast care nurse counsellor
prior to their surgery so that the implications of
the operation can be sympathetically and skil-
fully discussed. Patients may wish to be fitted
with a prosthesis to maintain their chest con-
tour or undergo immediate/subsequent surgical
reconstruction of the breast using either a tissue
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Figure 8.16 Reconstruction of the left breast using a
latissimus dorsi (LD) flap. Note the nipple reconstruction.

expander or autologous muscle flap transposi-
tion (Fig. 8.16). Patients undergoing conserva-
tive treatment should also be offered
counselling, as studies suggest these patients
experience psychological trauma similar to that
of mastectomy patients.

The axilla is frequently a site for lymph node
metastases, which in many cases cannot be
detected clinically. The risk increases with
increasing tumour size and grade, and the pres-
ence of lymphovascular invasion. The presence
of lymph node metastases is a valuable prognos-
tic factor, and correlates with the risk of the
patient subsequently developing distant metas-
tases. A surgical procedure to obtain lymph
nodes for pathological analysis is therefore
important in determining the need for adjuvant
systemic therapy. An axillary procedure should
be performed in all breast cancer cases as the
results will help determine the optimal adju-
vant therapy strategy. There are three possible
procedures:

sentinel lymph node mapping
axillary sampling
axillary dissection.

Sentinel lymph node mapping is being increas-
ingly used in breast cancer patients. This entails
preoperative injection of a vital dye and/or
radiolabelled technetium colloid around the
tumour. These visual and radioactive markers

Marker on SSN

(a)

Marker on SSN

Figure 8.17 Sentinel lymph node scintigram. Radioactive
technetium has been infiltrated around the breast cancer.
The sentinel lymph node is shown (the midline spot is a
sternal notch reference marker). (a) Front view. (b) Lateral
view.

are then taken up by the regional lymphatic
vessels and concentrated initially within the
sentinel lymph node(s) (Fig. 8.17). The ration-
ale is that, if this node(s) is removed alone and
found histologically not to contain malignant
cells, it is highly (>95 per cent) likely that no
other regional lymph nodes are involved and
therefore no further surgery is necessary. This
procedure has the advantage of being a far less
traumatic form of lymph node surgery and is
therefore associated with a faster recovery and
less compromise of the shoulder, arm and hand.
Conversely, involvement of the sentinel lymph
node(s) suggests that full axillary clearance is
necessary.
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Axillary sampling entails removal of the
lower lymph node group up to the level of the
lower border of the pectoralis minor muscle. It
has largely been superseded by sentinel lymph
node retrieval. At least four nodes should be
obtained for histological examination. If these
nodes are not involved by cancer, it is unlikely
that nodes higher in the axilla will be either.
Conversely, if a node is positive, a full axillary
lymph node dissection will be necessary.

Axillary dissection is a more extensive surgical
procedure comprising removal of the axillary
contents at least up to the level of the upper
border of the pectoralis minor muscle (level 2)
or even axillary vein (level 3). Twenty to thirty
nodes may be retrieved for the pathologist,
giving more detailed prognostic information. It
also has the advantage of being a one-stop thera-
peutic manoeuvre in its own right, lessening the
risk of axillary recurrence. It has the disadvantage
of increasing the surgical morbidity, resulting in
local sensory loss, stiffness of the shoulder and a
risk of lymphoedema of the ipsilateral arm.

Radiotherapy

Radiotherapy is indicated in all patients treated
by breast-conserving surgery. Such an approach
produces long-term survival equivalent to that
of mastectomy. External beam radiotherapy to
the breast alone typically comprises a 5-week
course of treatment to the whole breast to
reflect the increased risk of recurrence at the
site of the original primary but also the possibil-
ity of recurrence elsewhere within the breast
owing to occult foci of DCIS and LCIS. An
extra ‘boost’ can be delivered specifically to the
tumour bed when the margins of excision are
narrow or focally involved, and is recom-
mended in all women under 50 years of age.
Despite data from studies initiated prior to
1975 indicating an excess risk of cardiovascular
death for women treated with radiotherapy, this
has not been shown to be the case for more
recent studies, presumably reflecting more care-
ful planning to exclude the myocardium and a
lower dose per fraction. Many centres now use
CT planning for breast cancer patients as this
gives a greater appreciation of the relations of
the breast to the other anatomical structures

Figure 8.18 Chest wall recurrence after mastectomy.
(a) Diffuse infiltrative change. (b) Nodular change with
satellite lymphatic spread.

(especially the myocardium for left-sided can-
cers), and also for very large breasted women
where it allows more sophisticated treatment
methods such as modulation of the beams to
deliver a more homogeneous dose distribution.
External beam partial breast radiotherapy is
undergoing comparative evaluation against
whole breast irradiation in the hope that the
long-term cosmesis will be improved, but not at
the expense of long-term local tumour control.
Similarly, advances in brachytherapy hardware
have led to the development of machines dedi-
cated to the delivery of high doses of radiation
to a small zone in and around the site of tumour
excision. Again, long-term outcomes from this
technological advance are uncertain and the
subject of ongoing clinical trials.

Simple mastectomy alone is associated with
a local recurrence rate of 5-10 per cent.



Radiotherapy reduces the risk of chest wall
recurrence (Fig. 8.18) but is used more selec-
tively for those at particularly high risk of chest
wall relapse.

The following are recognized risk factors for
local recurrence after mastectomy:

T3 and T4 tumours

poorly differentiated tumours
lymphovascular invasion

involved axillary lymph nodes, particularly
in those with four or more involved lymph
nodes

incomplete microscopic excision, usually at
the deep margin.

The axilla should not be routinely irradiated
after axillary dissection irrespective of node
status as there will be a considerable risk of
lymphoedema of the arm and stiffness of the
shoulder, which in some cases will be incapaci-
tating. External beam radiotherapy may rarely
be given to the axilla in those patients who have
not undergone axillary surgery and in whom the
risk of lymph node involvement is significant:

primary tumour 20 mm or more
any poorly differentiated tumour
evidence of lymphovascular permeation.

The supraclavicular fossa can be irradiated
after a significantly positive (four or more
involved nodes) axillary node dissection.

Chemotherapy/hormone manipulation as initial
treatment for locally advanced disease

Inoperable tumours are initially treated with
systemic therapy. Chemotherapy (termed
‘neoadjuvant’ or ‘primary’) is the treatment of
choice for most women. Those unfit or unsuit-
able for chemotherapy will be considered for
hormone therapy alone providing the tumour
has been confirmed as oestrogen receptor posi-
tive. Once maximal response to systemic ther-
apy has been attained, the breast can be treated
by appropriate surgery and followed by radio-
therapy as appropriate. Preoperative systemic
therapy has been established as a means of
decreasing the mastectomy rate, although it has
no significant survival advantage over postoper-
ative chemotherapy.
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Adjuvant systemic therapy

Adjuvant systemic therapy complements the
role of radiotherapy or surgery to the breast.
The former acts upon cancer cells that have
already metastasized outside the breast and its
regional lymphatics, while the latter reduces
the local relapse rate. It is now widely accepted
that adjuvant systemic therapy is of proven
benefit in reducing the risk of distant relapse
owing to metastatic spread, and that this trans-
lates into a significant benefit in disease-free and
overall survival. Breast cancer is statistically an
important cancer accounting for much morbid-
ity and mortality among women, and so only a
small increase in these parameters will be
worthwhile. There are two main types of adju-
vant systemic therapy.

Hormone therapies

Adjuvant hormone therapy can reduce the risk
of distant metastatic relapse. Tamoxifen is an
antioestrogen, which acts by blocking the
action of oestradiol on its receptors. The dose is
20 mg once daily. There is no evidence that a
higher dose is any more effective. In women
with oestrogen receptor-positive tumours, 5
years of tamoxifen reduces:

the odds of recurrence by approximately
40 per cent, an absolute reduction of
approximately 13 per cent by 15 years of
follow-up

the odds of dying from breast cancer by
approximately 30 per cent, an absolute
reduction of approximately 9 per cent by
15 years of follow-up.

In the same group of patients, the addition of
chemotherapy to tamoxifen produces a further
benefit in terms of recurrences and deaths from
breast cancer versus tamoxifen alone. These
benefits are also independent of age and lymph
node status. Tamoxifen also halves the risk of
developing a contralateral primary breast
cancer over the 5 years it is taken and for up to
5 years afterwards. All patients should be pre-
scribed tamoxifen for 5 years. Uncertainty
exists as to whether more than 5 years of
tamoxifen confers additional benefits.
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The aromatase inhibitors anastrozole and
letrozole are at least equally effective. Their
integration into the adjuvant setting has been
shown to improve disease-free survival. They
can be used in several ways:

as sole endocrine treatment taken for 5
years

used after 2 years of tamoxifen to complete
the 5 years of endocrine blockade

used for an additional 5 years after 5 years
of tamoxifen in high-risk individuals.

Chemotherapy

The criteria used to determine whether a
patient should receive adjuvant chemotherapy
vary from centre to centre and should be con-
sidered flexible rather than rigid. A typical set
of criteria are presented, any one of which
would be sufficient to recommend chemother-
apy as standard treatment:

Premenopausal women:

— age <35 years

— tumour 20 mm or greater in maximum
microscopic diameter

— poorly differentiated (grade 3) tumour of
any size

— axillary lymph node involvement

— oestrogen receptor negativity

Postmenopausal women 50-69 years:

— axillary lymph node involvement

— poorly differentiated tumours >20 mm

— oestrogen receptor negativity

For women <50 years of age, adjuvant

chemotherapy has been proven to reduce:

— the odds of recurrence by approximately
35-40 per cent, an absolute reduction of
approximately 11 per cent by 15 years of
follow-up

— the odds of dying (breast cancer and
other causes) by approximately 25-30
per cent, an absolute reduction of
approximately 5 per cent for node-
negative cases and 11 per cent for node-
positive cases by 15 years of follow-up

For women 50-69 years of age, adjuvant

chemotherapy has been proven to reduce:

— the odds of recurrence by approximately
20 per cent, an absolute reduction of
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approximately 5 per cent by 15 years of
follow-up

— the odds of dying from breast cancer by
approximately 10 per cent, an absolute
reduction of approximately 2-4 per cent
by 15 years of follow-up.

Adjuvant chemotherapy therefore confers
greater benefit to younger patients. Its effect is
independent of hormone receptor status. There
are comparatively few data available for the use
of adjuvant chemotherapy is the >70-year age
group. Women of this age group should be con-
sidered for chemotherapy only if their cancer is
hormonally insensitive and very adverse risk
factors are present e.g. four or more involved
axillary lymph nodes.

There is still no consensus as to what should
be considered as the optimum chemotherapy
regime. There is evidence that 6 months of
chemotherapy using a combination of at least
two drugs is to be preferred. The most tried and
tested regimen is ‘classical’ CMF comprising:

cyclophosphamide 100 mg/m? p.o. day 1 to
day 14

methotrexate 40 mg/m?i.v. day 1 and day 8
5-fluorouracil 600 mg/m?i.v. day 1 and day 8
repeat cycle 4 weekly for 6 cycles.

CMF has now been superseded, although it is
still used after epirubicin in the sequential
hybrid regiman E/CMF (see below). The
pooled results from randomized trials suggest
that an anthracycline (doxorubicin or epiru-
bicin)-containing regimen may yield an extra 4—
5 per cent absolute survival advantage after 10
years of follow-up compared with CMF
Anthracycline-containing combinations include

AC and FEC.
AC:

— Adriamycin (doxorubicin) 60 mg/m? i.v.
day 1

— cyclophosphamide 600 mg/m? i.v. day 1

repeat cycle 3 weekly for 4 cycles

FEC:

— fluorouracil 600 mg/m?i.v. day 1

— epirubicin 50-100 mg/m? i.v. day 1

— cyclophosphamide 600 mg/m? i.v. day 1

— repeat cycle 3 weekly for 6 cycles.
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Figure 8.19 Graph of tumour marker measurements versus time (CA153 — green, CEA - red). The rises and falls
correspond to clinically apparent relapses and remissions over a period of 3 years.

In high-risk individuals, a hybrid regimen of
two different forms of chemotherapy has been
shown to be advantageous e.g. E/CMF:

epirubicin 100 mg/m?i.v. day 1
repeat cycle 3 weekly for 4 cycles followed
by 4 cycles of CMF as above.

Recent studies have also shown superiority
for taxanes versus non-taxane drug combina-
tions when used as adjuvant therapy. An exam-
ple is TAC:

taxotere 75 mg/m? i.v. day 1
Adriamycin 50 mg/m? i.v. day 1
cyclophosphamide 500 mg/m?i.v. day 1
repeat cycle 3 weekly for 6 cycles.

Immunotherapy

Approximately 15 per cent of women with
early breast cancer will have tumours that test
positive for human epidermal growth factor
receptor 2 (HER2) oncogene overexpression.
The monoclonal antibody trastuzumab (Her-
ceptin®) has revolutionized the treatment of
breast cancer. Trastuzumab is a humanized
murine antibody that specifically targets the
HER2-positive cells. Randomized trials in
women with early breast cancer have confirmed

that, when it is used in combination with
chemotherapy, trastuzumab given for 1 year
halves recurrence and breast cancer mortality
by one-third compared with the same
chemotherapy used alone. The only significant
toxicity is a small risk of reducing left ventricu-
lar ejection fraction of the heart leading to a risk
of congestive cardiac failure in susceptible
individuals.

Treatment of metastatic disease

The disease is incurable at this stage, and treat-
ment is aimed to palliate symptoms and main-
tain the patient as active as possible with
minimal side-effects and the least inconven-
ience. As for other solid tumours, active treat-
ment will have a superior outcome to best
supportive care. The serum tumour markers
(e.g. CA 15-3) are surrogates for the whole
body breast cancer activity for a given individ-
ual, and can be useful in assessing response to
treatment, providing information complemen-
tary to that available from imaging (Fig. 8.19).

Surgery

There is no role for breast surgery in the patient
with metastatic disease provided a tissue
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Figure 8.20 Examples of dramatic responses to endocrine therapy alone. (a) i: Locally advanced disease at
presentation. (a) ii: After 6 months’ endocrine therapy. (b) i: Chest radiograph. Lung metastases at presentation. (b) ii:

After 4 months’ endocrine therapy.

diagnosis has already been obtained and satis-
factory local control of the breast tumour can
be achieved by other treatment modalities.
Toilet mastectomy is occasionally performed
for symptomatic locally uncontrollable disease.
Thoracoscopic talc pleurodesis is sometimes of
value in the treatment of recurrent malignant
pleural effusions, and internal fixation is indi-
cated if fracture of a weight-bearing bone has
occurred or is imminent. In highly selected
patients who are fit, with a long disease interval
and a solitary cerebral metastasis as sole site of
disease, craniotomy, excision and postoperative
radiotherapy should be considered

Radiotherapy

The natural history of breast cancer dictates
that most patients with metastatic breast cancer

will have symptomatic bone metastases leading
up to the terminal phase of the disease,
although some will also be troubled by brain,
cutaneous or choroidal metastases. Radiother-
apy is the treatment of choice for metastases
causing local symptoms.

Hormone therapy

Tamoxifen is the agent of first choice in women
who are not taking it as adjuvant therapy. The
response rate is greatest in those with high
levels of oestrogen receptor, usually those with
well-differentiated tumours, and the elderly,
with an objective response in 40 per cent of
oestrogen receptor-positive tumours and 10 per
cent of oestrogen receptor-negative ones (Fig.
8.20). Median duration of response is 10
months. Unless already performed as adjuvant



therapy, premenopausal women with metasta-
tic disease should undergo some form of artifi-
cial menopause (surgical oophorectomy or
regular treatment with a gonadotrophin-releasing
hormone analogue).

Other options include:

an aromatase inhibitor such as anastrozole,
letrozole or exemestane. These are only
suitable for postmenopausal women. Pre-
liminary data from a large trial comparing
tamoxifen with anastrozole have shown
anastrozole to be at least as effective as
tamoxifen as first-line treatment of
metastatic disease but with a lower inci-
dence of side-effects

a progestogen such as megestrol acetate
80 mg bd or medroxyprogesterone acetate

400 mg bd.

There is good evidence that for post-
menopausal women, aromatase inhibitors are
superior to progestogens with respect to dura-
tion of response and survival. There is emerging
evidence of an advantage in their use as first-line
agents in the treatment of metastatic disease.
Responses to second-line hormone therapy are
more likely in those who have responded con-
vincingly to first-line hormone therapy.

Chemotherapy

Chemotherapy is effective against soft tissue
metastases but is less effective than radiother-
apy for palliating bone metastases. The choice
of first-line metastatic regimen will depend on
that used for adjuvant therapy (if any). At least
six cycles are administered unless chemo-
resistence is demonstrated by progression
during treatment. After six cycles the treatment
can be continued for as long as some objective
response is obtained, unless toxicity is so severe
as to compromise the patient’s quality of life
and warrant termination of treatment.

Those patients failing CMF can be treated

with an anthracycline regime:

— doxorubicin 75 mg/m? repeated every 21
days

— epirubicin 90 mg/m? repeated every 21
days.
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For anthracycline refractory patients, a

taxane should be considered:

— paclitaxel 175 mg/m? repeated every 21
days, or 80 mg/m? repeated weekly

— docetaxel 100 mg/m? repeated every 21
days, or 35 mg/m? repeated weekly.

Other options include:

— vinorelbine 25 mg/m? days 1 and 8 of a
21-day cycle

— capecitabine 2500mg/m? divided into
two oral doses per day for days 1 to 14 of
a 21-day cycle

— carboplatin (AUC 6) repeated every 21
days

— methotrexate 35 mg/m? and mitozantrone
11 mg/m? (MM) repeated every 21 days.

Biological therapies

Approximately 25 per cent of those individuals
developing metastatic disease will have
tumours that overexpress HER2. In combina-
tion with certain cytotoxic agents such as pacli-
taxel, docetaxel, capecitabine, vinorelbine and
carboplatin, trastuzumab increases overall
response rates and leads to a significant
improvement in median survivals without any
significant increase in toxicity. In those who
respond to treatment, trastuzumab is continued
after chemotherapy until proven disease pro-
gression. In certain circumstances, chemother-
apy may be deemed inappropriate for a woman
with HER2-positive metastatic breast cancer
and if so, trastuzumab can be used alone to
good effect (Fig. 8.21). Women on long-term
trastuzumab are at significantly increased risk of
developing brain metastases.

In those patients who have progressed on
herceptin, the dual (HER1 and HER2) kinase
inhibitor lapatinib (Tyverb®) can be used in
combination with capecitabine. These are both
orally delivered. Being a relatively small mole-
cule, lapatinib has the advantage over
trastuzumab of crossing the blood-brain barrier.
Diarrhoea is the prime toxicity of this
combination.

Recent trials have indicated that the addition
of the vascular endothelial growth factor
(VEGF) receptor inhibitor bevacizumab
(Avastin®) to weekly paclitaxel increases



110

BREAST CANCER

CASE HISTORY

A 54-year-old postmenopausal women pres-
ents with a painless lump in the left breast.
Clinical examination, mammography and
ultrasonography suggest a malignant tumour
approximately 2.5 cm in diameter. She pro-

ceeds to core biopsy, which indicates a Grade
2 invasive ductal carcinoma that is oestrogen
receptor strongly positive and HER2 positive
(3+) on immunohistochemistry. She under-
goes wide local excision and sentinel lymph
node biopsy. Definitive histology confirms a 3
cm maximum diameter Grade 3 invasive
ductal carcinoma. The sentinel lymph node
contains a macrometastasis 5 mm in diame-
ter. A level 2 axillary dissection is performed
yielding one further involved lymph node out
of the 15 removed. She receives three cycles
of FEC chemotherapy (fluorouracil 500 mg/
m?, epirubicin 100 mg/m? cyclophospha-
mide 500 mg/m? repeated every 21 days)
followed by three cycles of docetaxel
(100 mg/m? repeated every 21 days). This is
immediately followed by a 6-week course of
radiotherapy to the breast alone using CT
planning to avoid the myocardium. After a
baseline DEXA scan she starts endocrine
therapy with letrozole. During radiotherapy a
MUGA cardiac scan confirms a left ventricu-
lar ejection fraction of 63%. She receives a
loading dose of trastuzumab (8 mg/kg) fol-
lowed by 17 maintainence doses (6 mg/kg)
over a period of 12 months to complete her
adjuvant therapy.

She remains well over the next 4 years,
having 2-yearly DEXA scans to confirm

response rates and time to progression
compared with the same chemotherapy used
alone.

Other drugs

High potency modern generation bisphospho-
nates such as zoledronic acid and ibandronic
acid have a role in those with skeletal metasta-

preservation of bone mineral density. She then
presents with increasing pain arising from the
mid-thoracic spine. A plain radiograph con-
firms collapse of the 7th thoracic vertebra. An
isotope bone scan confirms isolated uptake in
T7. In order to confirm the diagnosis a mag-
netic resonance scan is performed, which in
fact confirms bone metastases at T7 and at
other levels in the spine. A vertebroplasty is
performed and leads to immediate pain relief.
She is commenced on a high potency bisphos-
phonate and switches over to tamoxifen. Six
months later, despite an initial fall in the
CA15-3 breast cancer serum marker protein,
the CA15-3 begins to rise, doubling over a
3-month period of observation. Repeat stag-
ing confirms metastases in both lobes of the
liver and progression in the skeleton. She
receives six cycles of docetaxel chemotherapy
once again in combination with trastuzumab,
followed by maintence doses of trastuzumab
every 3 weeks. GCSF support is necessary to
sustain the neutrophil count to facilitate
treatment every 21 days. Despite an initial
response, 6 months after stopping docetaxel
there is further evidence of progressive dis-
ease in the liver. She therefore receives the
orally  delivered chemotherapy agent
capecitabine (2000 mg/m?/day for 14 out of
every 21 days) in combination with the dual
kinase inhibitor lapatinib (1250 mg/day con-
tinuously). She remains on this for 6 months
before a further rise in Cal5-3 indicates dis-
ease progression. Despite further treatment
with vinorelbine (25 mg/m? day 1 and day 8
every 21 days) and carboplatin (AUC 6 every
21 days), she dies from progressive visceral
metastatic disease.

tic disease. Regular administration of such bis-
phosphonates may reduce:

risk of bone pain

risk of hypercalcaemia

risk of pathological fracture
need for palliative radiotherapy
tumour-related complications.
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Figure 8.21 Response to single agent trastuzumab (Herceptin®). (a) Locally advanced bilateral breast cancer at
presentation. (b) After 6 months’ treatment. Both tumours were HER-2 positive.

Figure 8.22 Pulmonary lymphangitis. CT image of the
thorax. Note the widened lymphatic channels emanating
from the hila bilaterally.

Fungating tumours can become infected
causing an offensive discharge or lead to
chronic blood loss. Uncontrolled disease in the
axilla can lead to brachial plexopathy and/or
lymphoedema of the arm. Hypercalcaemia,
spinal cord compression and pathological frac-
ture are seen in patients with widespread skele-
tal metastases (see Chapter 22). Pulmonary
spread can lead to nodules, pleural effusion and
lymphangitis (Fig. 8.22). Mediastinal lymph
node spread can lead to local complications
such as superior vena cava obstruction,
oesophageal compression or recurrent laryngeal
nerve palsy (Fig. 8.23). Occasionally, pericardial
invasion will lead to a pericardial effusion,
which may in turn lead to cardiac tamponade

Figure 8.23 Mediastinal lymphadenopathy. CT image of
the thorax. There is a mass of bulky lymph nodes
compressing the oesophagus posteriorly. Note also the
lung metastases and right pleural effusion.

(Fig 8.24). Disseminated intravascular coagula-
tion is a rare complication of advanced disease
when the tumour burden is high and usually
heralds the terminal phase of the disease. Mucin
production by the tumour can activate the clot-
ting cascade causing uncontrolled coagulation
coupled with a physiological thrombolysis lead-
ing to occlusion of both small and large blood
vessels. Consumption of clotting factors
deranges thrombin time and activated partial
thromboplastin time resulting in a bleeding ten-
dency, while platelet consumption leads to
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Treatment-related complications

Radiotherapy

Breast radiotherapy leads to breast erythema,
swelling, skin irritation and tenderness, which
settle within 4 to 8 weeks of completing treat-
ment. The skin may temporarily break down in
areas subject to friction such as the inframam-
mary fold. Late complications of radiotherapy
are uncommon and include chronic
breast/chest wall discomfort, breast shrinkage,
Figure 8.24 Pericardial effusion. CT image of the thorax breast swelling, breast firmness, telangiectasia of
showing a thick layer of fluid around the myocardium. the skin, rib fractures, radiation costochondritis

and pulmonary fibrosis. Data from randomized

trials initiated prior to 1975 have suggested an
thrombocytopenia manifested as epistaxis, increased risk of death from cardiovascular dis-
petechiae and bruising. Fibrin degradation ease, confined to those women with left-sided
products are elevated. breast cancers, possibly relating to irradiation of

Figure 8.25 Massive lymphoedema of the arm. This woman had a full axillary dissection followed by radiotherapy to
the axilla 20 years earlier. The brachial plexus was damaged so there is no motor function in the arm or hand.

(a) Before treatment. (b) After an intensive course of compression bandaging and manual lymphatic drainage. The arm
is still non-functional but lighter to carry and less disfiguring.



the coronary arteries rather than the
myocardium itself. Axillary irradiation (and sur-
gery) is associated with late morbidity such as
lymphoedema of the arm (Fig. 8.25), stiffness
of the shoulder, radiation injury to the brachial
plexus and radionecrosis of the irradiated skele-
ton, although with current techniques the inci-
dence is very low.

Chemotherapy

Infertility, as evidenced by amenorrhoea, is a fre-
quent complication of chemotherapy. This will
be permanent and associated with menopausal
symptoms in many. The age at receiving
chemotherapy is the most important factor for
predicting the chance of spontaneous recovery
of the menstrual cycle. Many studies with long-
term follow-up have suggested an increased risk
of leukaemia and myelodysplasia in long-term
survivors who have received chemotherapy.
Anthracyclines such as epirubicin and doxoru-
bicin can cause a reduction in left ventricular
function. This is more likely to become manifest
in those with severe hypertension or co-existing
cardiac conditions, and leads to an increased risk
of congestive cardiac failure later in life.

Hormone therapy

Menopausal symptoms, particularly vasomotor
symptoms such as hot flushes, are the main
problems with endocrine therapies. Vasomotor
symptoms are particularly difficult to treat.
Many oncologists remain reluctant to prescribe
hormone replacement therapy, although there
is no direct evidence of it being detrimental.
Megestrol acetate at low doses of 40 mg daily is
a useful treatment. Some SSRI antidepressants
also have activity. Acupuncture is also worth-
while for some patients.

Tamoxifen is associated with a three- to four-
fold increase in the risk of thromboembolic
phenomena (deep vein thrombosis, pulmonary
embolism) and endometrial cancer in post-
menopausal women. The aromatase inhibitor
drugs (anastrozole, letrozole and exemestane)
are associated with a risk of osteoporosis and an
assessment of bone mineral density is advisable
in those on these as adjuvant treatment. They
are also associated with troublesome muscu-
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loskeletal symptoms such as joint stiffness and
sexual dysfunction (vaginal dryness, loss of

libido).

Immunotherapy

Trastuzumab can cause allergic reactions at the
time of infusion and potentially reversible
declines in baseline cardiac contractility. Lapa-
tinib can cause diarrhoea, rashes and pneu-
monitis. Bevacizumab can cause hypertension,
proteinuria and abnormalities in blood clotting.

PROGNOSIS

The prognosis from breast cancer has improved
significantly in a stepwise manner decade on
decade. Breast cancer is a good example of how
cancer outcomes can be substantially improved
by adding together a number of small advan-
tages from a variety of treatment improvements
over the years. Approximately one in three
women diagnosed with breast cancer would die
from their disease if no adjuvant therapy were
administered. The addition of radiotherapy and
systemic therapies will lead to a significant
improvement in survival by independently con-
tributing additional odds reductions in recur-
rence and in turn mortality. The following
should be considered adverse prognostic factors:

young age (<35 years) at diagnosis
increasing TNM stage

poorly differentiated tumours

lymphatic vessel and/or vascular channel
invasion
oestrogen
negativity
positivity for the HER2 oncogene.

and progesterone receptor

The best prognostic model to incorporate
these  prognostic  factors is  Adjuvant
(www.adjuvantonline.com), which is widely
used across the world to give a consistent guide
to 10-year disease outcomes. Figure 8.26 illus-
trates its usesfulness in providing an objective
and evidence-based insight into 10-year out-
comes. There is now increasing use of gene ‘sig-
nature’ profiling to aid in prognostication. At
least two commercially available systems
(Oncotype DX®, Mammaprint®) are being
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used. This involves testing a sample of the pri-
mary cancer for a panel of genes, looking for a
pattern of amplification or suppression that has
been validated against known breast cancer out-
comes. These tools are still in their infancy but
could be useful in borderline cases where fur-
ther information will help decide which indi-
viduals will benefit from chemotherapy, or
conversely which individuals can be spared the
rigours of chemotherapy.

SCREENING

Screening should permit the diagnosis of a higher
proportion of early stages of the disease. As early
stage at diagnosis is an important favourable
prognostic factor, and breast cancer has a defined
non-invasive phase that is readily detectable by
imaging; this should translate into a reduction in
mortality from invasive breast cancer.

Breast self-examination (BSE) should be rou-
tinely practised by women at the same time each
month to take account of the variation in breast
size and consistency with the menstrual cycle.
However, to date BSE has not conclusively been
shown to have decreased breast cancer mortality
and there has been concern as to the stress of
such a practice, together with the inevitably high
false positive rate and false negative rate.

Mammography is a sensitive means of detect-
ing carcinomas, often before the lump is palpable
by the patient or clinician, thereby facilitating
the detection of early breast cancers with a par-
ticularly good prognosis. In the United Kingdom
the National Breast Screening Programme
screens all women aged 50-70 with 3-yearly
mammograms. This age range will be extended
to 47-73 over the next few years. Women older
than this can be screened on request. Such a pro-
gramme should result in a mortality reduction of



20-30 per cent. There is at present no consensus
as to what age premenopausal women should be
included in a screening programme, as they tend
to have dense breasts, which can obscure the
radiological signs of early breast cancers; studies
to date have indicated a much smaller impact on
survival than in the >50 years age group. How-
ever, young women with a family history of
breast cancer should be offered regular clinical
assessments and mammographic screening at an
earlier age. Digital mammography seems to lead
to fewer false positive results that traditional
film-based mammography and is superior for
young women with dense breasts. Ultrasonogra-
phy is a poor substitute for mammography. In
younger women with dense breasts, particularly
those with BRCA gene mutations, magnetic res-
onance mammography is the optimum screening
modality.

PREVENTION

Patients with a strong family history of breast
cancer should be referred to a specialist genetics
clinic for risk assessment, counselling and identi-
fication of other susceptible family members.
Those shown (by gene testing or by statistical
modelling) to be BRCA gene mutation carriers
are at sufficient lifetime risk of developing breast
cancer to be considered for bilateral mastectomy,
which very substantially reduces the risk,
although it does not eliminate it completely.
Breast cancer is sufficiently common to make
prevention a worthwhile exercise. Any method
of prevention must be easy to comply with, free
of short- and long-term adverse effects and be
cost effective. The difference in dietary fat
intake between the Western world and Africa
and Asia contributes to the geographical varia-
tion in incidence. A reduction in the proportion
of daily calories obtained from dietary fat could
make a significant impact on the incidence of
breast cancer. Dietary manipulation has the
advantage of being inherently cost effective, and
can reduce morbidity and mortality from
cardiovascular and cerebrovascular disease and
colorectal cancer. Uncertainty exists as to when
such a dietary adjustment should be instituted
and for how long, although its other advantages
make it desirable to make it a lifelong commit-
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ment. Reducing body mass index and alcohol
consumption, and regular strenuous exercise
may all help prevent breast cancer, although
this is yet to be proven in prospective trials.

Breast cancer is one of the few malignant dis-
eases for which a large randomized trial has
shown that chemoprevention is not only feasi-
ble but also effective. Tamoxifen 20 mg daily as
adjuvant therapy has been conclusively shown
to decrease the risk of contralateral breast
cancer. This observation has been extrapolated
to the prevention setting where a large (15 000
women) placebo-controlled, double-blind, ran-
domized trial has shown this regimen to signifi-
cantly reduce the risk of developing DCIS and
invasive breast cancer. There is an increased risk
of thromboembolic disease and endometrial
cancer in women receiving tamoxifen. Tamox-
ifen incidentally reduces cholesterol levels and
helps maintain bone mineral density in post-
menopausal women, and could therefore have
additional health benefits. The osteoporosis-
prevention drug raloxifene has also been shown
to reduce substantially the risk of developing
breast cancer, and has the advantage of not
causing hyperstimulation of the endometrium.
The aromatase inhibitor anastrozole also
reduces the risk of contralateral breast cancer in
women receiving the drug as treatment for
metastatic breast cancer. Anastrozole could
therefore be a promising prevention strategy for
postmenopausal women.
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SELF-ASSESSMENT QUESTIONS

1. Which three of the following statements
are true about the epidemiology of breast
cancer?

a. Itis the third commonest cancer in the
UK

b. 1in 1000 cases will arise in men

c. Environmental factors are important
causes

d. Genetic predisposition is an uncommon
causative factor

e. There is no association with smoking
tobacco

f. Hormonal influences are important
causes

g. Radiation exposure does not cause
breast cancer

2. Which one of the following statements is
true about the pathology of breast cancer?
a. Lobular carcinomas are more common
than ductal

b. Paget’s disease of the nipple is always
associated with an underlying cancer

c. Most are squamous carcinomas

d. LCIS is frequently detected by a
mammogram

e. Inflammatory cancers account for 10
per cent of cases

3. Which three of the following factors are
associated with an increased probability of
lymph node spread?

a. Increasing tumour size

b. Tumours arising in men

c. Lymphovascular invasion in and around
the primary tumour

. Medial quadrant breast cancers

Screen-detected cancers
High-grade cancers
Cancers arising close to the nipple

® e oA

4. Which one of the following statements is
untrue about the patterns of spread of
breast cancer?

a. Distant relapses can occur more than 10
years after presentation

b. The skeleton is the commonest site for
metastatic spread

c. Bone metastases may be lytic or
sclerotic

d. Lobular cancer is more likely to spread
to the lymph nodes

e. Ovarian metastases are uncommon

5. Which three of the following statements
are true about the presentation of breast
cancer?

a. There will always be a palpable lump

b. A breast lump in a woman will usually
be malignant

c. Most cases will present with palpable
lymph nodes

d. The cancer is usually painful

e. The supraclavicular lymph nodes could
be enlarged

f. Can cause a blood-stained nipple
discharge

g. There might be distant metastases at
diagnosis

6. Which one of the following is true about

the use of trastuzumab in breast cancer?

a. Most patients benefit from it

b. Heart toxicity is common

c. Itis only used in advanced forms of the
disease

d. Brain metastases are a particular
problem

e. Cannot be used concurrently with
chemotherapy
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7. Which three of the following statements
are true about hormone treatments for
breast cancer?

a. Progesterone is contraindicated in
women with a history of breast cancer

b. Letrozole and exemestane are both
aromatase inhibitors

c. Adjuvant hormone therapy reduces the
risk of distant metastatic relapse

d. Aromatase inhibitors cause endometrial
cancer

e. Tamoxifen is associated with an
increased risk of ovarian cancer

f. Hormone therapy is not usually
necessary if the patient receives
chemotherapy

g. Tamoxifen reduces the risk of
contralateral breast cancers

8. Which one of the following is not an
important prognostic factor?
a. Tumour size
b. Histological grade
c. Centrally located tumour
d. TNM stage
e. Age at diagnosis
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CARCINOMA OF THE
OESOPHAGUS

Epidemiology

Each year in the UK there are 7600 cases of
oesophageal cancer, 4900 cases in men and
2700 cases in women, accounting for 2.7 per
cent of all cancer cases and leading to a total of
7400 deaths per annum. Tumours of the upper
third are much more common in females. The
peak incidence is at 60-70 years. The highest
incidence is found in Russia, Turkey, China, Iran
and Southern Africa.

Aetiology

Tobacco smoking is a strong risk factor for
oesophageal cancer. The regular consumption
of alcoholic spirits predisposes to cancer from
chronic irritation of the mucosa. Carcinogenic
contaminants of alcoholic drinks have also been
implicated in some cases, e.g. the home-made
beer consumed by the Xhosa people in
Transkei. In achalasia there is chronic stasis and

pooling of food and secretions in a dilated
oesophagus, owing to a loss of oesophageal
motility. The increased risk of cancer is due to
prolonged contact of the mucosa with carcino-
gens within the food or produced from food by
the action of bacteria. Patterson-Brown-Kelly
syndrome (Plummer-Vinson syndrome) is
characterized by koilonychia, iron-deficiency
anaemia, the presence of an ‘oesophageal web’
in the upper third of the oesophagus on barium
swallow and is usually seen in women. It leads
to a carcinoma of the upper third of the
oesophagus typically in the postcricoid region.
Tylosis is a very rare, dominantly inherited con-
dition characterized by palmar and plantar
hyperkeratosis and a strong predisposition to
oesophageal carcinoma. Barrett’s oesophagus is
characterized by glandular metaplasia of the
squamous epithelium of the lower third of the
oesophagus, usually in response to chronic
gastro-oesophageal reflux from a hiatus hernia.
Patients are at risk of developing an adenocarci-
noma of the oesophagus. A high body mass
index is also associated with an increased risk of
adenocarcinoma.
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Symptoms

Approximately 40-50 per cent arise in the
middle third of the oesophagus, 40-50 per cent
in the lower third, and less than 10 per cent in
the upper third, the tumour appearing nodular,
ulcerating or diffusely infiltrative. If there is
oesophageal obstruction, the proximal oesopha-
gus is frequently dilated and contains food
debris. A fistula can exist between the oesopha-
gus and trachea or bronchial tree, and there may
be evidence of an aspiration pneumonia particu-
larly in the lower lobes of the lungs. Cancers of
the upper two-thirds of the oesophagus are
invariably squamous cell carcinomas. Those in
the lower third are most commonly squamous
but one-third are adenocarcinomas, which may
have arisen in an area of metaplasia such as Bar-
rett’s oesophagus. These must be distinguished
from adenocarcinoma of the proximal stomach
that has infiltrated the oesophagus. The histolog-
ical spectrum of oesophageal cancer is changing
with an increasing proportion being classified as
adenocarcinomas.

Natural history

The tumour will spread within the oesophagus
both longitudinally and circumferentially, even-
tually resulting in complete oesophageal
obstruction. Invasion through the deeper layers
of the oesophageal wall will result in spread to
the surrounding mediastinal structures such as
the trachea, main bronchi (especially left),
pleura, lung, vertebrae and great vessels. Insidi-
ous spread along the submucosa is common and
can lead to skip lesions some distance from the
main tumour. The pattern of lymphatic involve-
ment reflects the complex blood supply to the
oesophagus. Tumours of the upper third will
spread to the deep cervical and supraclavicular
nodes, those of the middle third to the medi-
astinal, paratracheal and subcarinal nodes, and
those of the lower third to the nodes of the
coeliac axis below the diaphragm. The venous
drainage of parts of the oesophagus is into the
portal circulation and so the liver is the most
common site of distant metastases, although the
lungs and skeleton may also be involved.

Dysphagia is the most common presenting
symptom. A middle-aged or elderly patient
complaining of this symptom should be consid-
ered to have oesophageal cancer until proven
otherwise and referral to a gastroenterologist is
mandatory. The symptom begins insidiously as a
sensation of food sticking, usually when solids
such as meat have been eaten, progresses so that
there is difficulty with softer foods/liquids, and
can be associated with retrosternal discomfort
owing to stretching of the oesophagus and
increased peristalsis. Regurgitation usually
accompanies severe dysphagia. Retrosternal dis-
comfort is followed by effortless regurgitation of
the oesophageal contents. These do not taste
sour as they have not entered the stomach. This
contrasts with gastro-oesophageal reflux where
there will be a strong taste of acid. Weight loss
is due to both reduced caloric intake owing to
dysphagia and/or regurgitation, and the non-
specific effects of malignancy. Recurrent aspira-
tion is a problem in patients with proximal
tumours leading to overflow into the upper res-
piratory tract or with a fistula connecting the
oesophagus to the lower respiratory tract. The
patient experiences a severe bout of coughing
within a short time of swallowing, and may
expectorate solid material from the food bolus.
Both predispose to recurrent chest infections
that can be fatal.

Signs

There is often evidence of malnutrition, the
degree of which is dependent on the duration
and severity of dysphagia and whether there has
been a history of alcoholism. In cases of
oesophageal obstruction the patient could even
be dehydrated owing to poor fluid intake.
Women with Plummer—Vinson syndrome can
appear anaemic and have koilonychia, while
alcoholics may have stigmata of chronic liver
disease. There is usually no palpable evidence of
disease although an epigastric mass is some-
times palpable in tumours of the lower third of
the oesophagus and if there are large intra-
abdominal lymph nodes. The cervical and
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supraclavicular lymph nodes should be palpated
carefully. Hepatomegaly suggests metastatic
disease but also fatty infiltration or cirrhosis in
heavy drinkers.

Differential diagnosis

Care has to be taken not to confuse a tumour
arising from the oesophageal mucosa with a
tumour arising from an adjacent structure and
invading into the oesophagus, e.g. carcinoma of
the left main bronchus (most often squamous or
small cell carcinoma), carcinoma of the fundus
of the stomach or gastro-oesophageal junction
(adenocarcinoma). Other differential diagnoses
include a benign oesophageal stricture owing to
chronic gastro-oesophageal reflux, achalasia, and
hysteria, although this is a diagnosis only made
after excluding all other possible causes.

Investigations

Serum alkaline phosphatase, y-glutamyl trans-
ferase and a liver ultrasound should be per-
formed in all cases to screen for liver metastases,
and a chest X-ray performed to exclude lung
metastases and mediastinal lymphadenopathy.

Barium swallow and meal

A barium swallow will outline the whole
oesophageal lumen, a carcinoma appearing as a
stricture, filling defect or abnormal flow of
barium (Fig. 9.1). It might also suggest the pres-
ence of a fistula connecting the oesophagus to
the bronchial tree, although the radiologist
should be warned if this is thought to be likely
at the time of requesting the examination. This
investigation will not give a tissue diagnosis and
all patients should proceed to endoscopy.

Endoscopy

This is the investigation of choice. The oesopha-
gus starts at the lower border of the cricoid car-
tilage at the level of the 6th cervical vertebra,
approximately 15 cm from the incisor teeth. It
is 25 cm in length, entering the stomach at the
level of the 10th thoracic vertebra (i.e. approxi-
mately 40 cm from the incisors). Endoscopy
allows a thorough assessment of the whole

Figure 9.1 Carcinoma of the oesophagus. Barium
swallow showing an irregular, malignant stricture of the
middle third of the oesophagus. Note the small pool of
barium at the top of the stricture (arrowed).

oesophagus. The tumour can be visualized
directly, a biopsy taken for histology and brush-
ings for cytology. It also allows a thorough eval-
uation of the stomach, which is particularly
important in tumours of the lower third of the
oesophagus, and is the most sensitive means of
detecting small primary tumours and skip
lesions. Endoscopic ultrasound is also a useful
tool, permitting direct imaging of the tumour. It
is particularly sensitive for determining the
depth of invasion and involvement of first sta-
tion lymph node groups.

Computed tomography (CT) of the thorax
and upper abdomen

This provides information on the local extent of
the disease with respect to invasion beyond the
oesophagus and is of value in planning radio-
therapy or surgery because it will also allow an
assessment of the regional lymph nodes, liver,
lungs and adrenals.

MRI of the thorax and upper abdomen

This will be useful in the preoperative assess-
ment of candidates for radical surgery. The
improvement in soft tissue contrast will aid in
patient selection and surgical planning.



Positron emission tomography (PET)

This is now routinely performed to complete
whole body staging prior to curative surgery. It
has the advantage of disclosing the presence of
metastatic disease at occult sites in the body
(e.g. adrenal glands, perigastric, mediastinal and
coeliac lymph nodes) and can show foci of
active cancer in other areas where CT can be
equivocal (e.g. liver).

Bronchoscopy

This could be necessary to exclude direct inva-
sion of the posterior tracheal wall and left main
bronchus when the operability of a tumour of
the upper or middle third is being considered.

Staging

The TNM staging system is most frequently used:

Tis — Carcinoma in situ

TO — No evidence of primary

TX - Primary cannot be assessed

T1 - Involving lamina propria/submucosa
T2 - Involving muscularis propria

T3 - Involving adventitia

T4 — Involving adjacent structures

NO - No regional lymphadenopathy

N1 - Regional lymph node involvement
MO - No distant metastases

MI - Distant metastases.

Treatment

Many patients will be poorly nourished, which
lessens their tolerance of radical treatment and
therefore referral to a dietitian is advisable in all
cases. A liquidizer may help the patient to con-
tinue eating food prepared at home. It may be
necessary for the patient to be given liquid
dietary supplements to maintain calorie intake,
and enteral feeding via a nasogastric tube or via
a percutaneous gastrostomy catheter might be
the only means of maintaining nutrition.

Radical treatment
Surgery

Surgery is a potentially curative treatment
modality and is the treatment of choice for
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localized lower third tumours as this is the most
surgically accessible part of the oesophagus.
Contraindications to surgery include:

poor performance status

severe malnutrition

vocal cord palsy, indicating infiltration/
pressure on the recurrent laryngeal nerve,
suggesting spread beyond the oesophagus
broncho-oesophageal fistula

invasion of great vessels (aorta, superior
vena cava), pericardium

cervical/coeliac node involvement clinically
or radiologically

distant metastases.

Tumours of the middle third have historically
been treated by an Ivor Lewis two-stage
oesophagectomy. The stomach is mobilized via
upper abdominal incision, the oesophagus
approached via the right 5th intercostal space,
the tumour resected allowing a 5 cm margin of
macroscopically normal oesophagus, and the
oesophagus then reanastomosed. The operative
mortality is high depending on patient selection
and the surgeon’s skill. For tumours of the lower
third, a left thoracoabdominal incision is made,
the tumour mobilized via a trans-hiatal approach
and resected with re-anastomosis of the tran-
sected oesophagus. In experienced hands and
with appropriate patient selection, the operative
mortality will be <5 per cent. Advances in
laparoscopic surgery significantly hasten recov-
ery and thereby reduce the duration of postoper-
ative care in hospital, particularly when there is a
combined thoracoscopic-laparoscopic approach.

Radiotherapy

Radiotherapy is the treatment of choice for
tumours of the upper third, where surgery
would be difficult, but can also be used for
tumours elsewhere that are not amenable to sur-
gery. The treatment-related mortality is much
lower than radical surgery. Although distant
metastases are a contraindication to radical
radiotherapy, extra-oesophageal invasion can still
be encompassed within the radiation high-dose
zone. Treatment is given daily over 5-6 weeks.
Neoadjuvant chemotherapy is increasingly
used and is the subject of ongoing clinical trials.
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This typically involves the use of 5FU and
either cisplatin or mitomycin C, yielding objec-
tive response rates of 30-60 per cent. As with
other tumour sites, most published experience
has been with its use in squamous carcinomas.
The combination of epirubicin, cisplatin and
protracted venous infusion of SFU is more
useful for adenocarcinomas. Whilst there
appears to be a prolongation of disease-free sur-
vival, no benefit in overall survival has been
established.

In recent years, there has also been increasing
interest in synchronous chemoradiotherapy
(CRT), particularly for squamous carcinomas
and inoperable tumours. The advantage of
upfront chemotherapy and radiotherapy is that
there could be synergy between the two treat-
ments, leading to the maximum probability of
preoperative downstaging. This may in turn
facilitate curative surgery for some individuals
or maximize non-surgical treatment for those
who remain inoperable. To date, the few ran-
domized trials of CRT versus radiotherapy alone
have shown a promising improvement in
median and overall survivals for the CRT group,
with 3-year survivals of 20-30 per cent. Similar
trials of preoperative CRT and surgery versus
surgery alone have shown pathological complete
response rates of 20-30 per cent and 3-year sur-
vival rates similar in magnitude. This is clearly an
advance on historical controls and is therefore a
promising approach that deserves further study.

Chemotherapy

Apart from synchronous CRT (see above),
there is no defined role for chemotherapy in the
curative treatment of oesophageal cancer. Adju-
vant chemotherapy is less established as a valid
approach compared with other forms of cancer.

Palliative treatment

Dysphagia and regurgitation are the symptoms
most often requiring treatment. Both are
extremely distressing and can erode the quality
of life significantly.

Radiotherapy

A short course of radiotherapy will relieve dys-
phagia in most patients with acceptable short-

term morbidity and can usually be repeated if
necessary. This may be given as a course of
external beam irradiation or intraluminal
brachytherapy whereby a high-activity radia-
tion source is inserted directly into the oesoph-
agus via a nasogastric tube.

Chemotherapy

S5FU and cisplatin combinations have a role in
the palliative treatment of oesophageal cancer.
One such regimen of particular value, particu-
larly in adenocarcinomas, is ECF:

epirubicin 60 mg/m? i.v. day 1

cisplatin 60 mg/m? i.v. day 1 with full pre-
and posthydration

5 FU 200 mg/m? i.v. daily by protracted
venous infusion (PVI)

repeat bolus chemotherapy 3 weekly for 6
cycles

For squamous and undifferentiated cancers
there is evidence to suggest that the PVI 5FU
can be replaced by the orally delivered drug
capecitabine (Xeloda®) — ECX regimen. Simi-
larly, outcomes can be further improved by
using ECX and substituting cisplatin with
oxaliplatin — EOX. This is now the standard of
care for locally advanced and metastatic
oesophageal cancer.

Other treatments

Fibreoptic endoscopy permits a number of pro-
cedures to be performed under direct vision.
Dilatation using metal bougies allows a stric-
ture to be stretched and relieves dysphagia to
some degree in the majority, although the pro-
cedure might need to be repeated a number of
times during the patient’s remaining lifetime.
Alternatively, an endoprosthesis such as a rigid
Atkinson tube can be inserted to maintain
oesophageal patency and is particularly useful
in relieving recurrent aspiration owing to a fis-
tula. Laser therapy can be given to coagulate a
bleeding tumour or to unblock an obstructed
oesophagus. Administration of laser light-sensi-
tizing agents can be used as part of a course of
‘photodynamic therapy’ to kill tumour cells
more selectively.



CASE HISTORY

A 60-year-old man with a history of chronic
bronchitis develops dysphagia. He experi-
ences retrosternal discomfort when he swal-
lows solid foodstuffs, e.g.meat, bread. He has a
long history of gastro-oesophageal reflux and

had a barium swallow some years earlier
which confirmed a hiatus hernia. He initially
self-medicates himself with a proton pump
inhibitor in addition to a mucosal surface pro-
tectant. His discomfort temporarily improves
but then worsens and is accompanied by
regurgitation of food.

He is referred to a gastroenterologist.
Endoscopy reveals a polypoid tumour at 32—
36 cm obstructing the lumen of the oesopha-
gus with no extension into the stomach.
Biopsy confirms a poorly differentiated ade-
nocarcinoma with some evidence of an under-
lying Barrett’s oesophagus and chronic
oesophagitis. CT scan shows no evidence of
mediastinal or abdominal lymphadenopathy
and no evidence of liver metastases.

He is initially treated with chemoradiation
over a 5-week period during which time his

Tumour-related complications

Malnutrition can be caused by chronic dyspha-
gia. Invasion of tumour into the adjacent main
bronchi sometimes leads to a broncho-
oesophageal fistula (Fig. 9.2). Aspiration of food
into the respiratory tract will lead to pneumo-
nia, which may be further complicated by lung
abscess and empyema. Haemorrhage is a rare
but potentially fatal local tumour complication.

Treatment-related complications

Surgery

Loss of oesophageal integrity after surgical
resection can lead to a fistula or mediastinitis
which sometimes is fatal, while pneumothorax,
pulmonary collapse and pneumonia can com-
plicate a thoracotomy.
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symptoms improve significantly. Repeat
endoscopy 6 weeks later reveals no obvious
mucosal abnormality and random biopsies
show chronic inflammatory cells alone. At this
time, his shortness of breath is worse than
usual and he has a dry cough. Chest X-ray
confirms opacification corresponding to the
radiation fields suggesting a degree of radia-
tion pneumonitis. In view of an apparent
pathological complete response, and his respi-
ratory compromise, he is not deemed a suit-
able candidate for major surgery.

Eighteen months later, he presents with
recurrent dysphagia. He is referred to a
dietician for dietary advice. Endoscopy con-
firms a recurrence at the same level as previ-
ously, which is dilated. Adenocarcinoma is
confirmed histologically; 6 weeks later, his
symptoms have recurred. An oesophageal
stent is inserted that provides good symp-
tom control for 3 months. He then develops
right upper quadrant pain and anorexia.
Liver ultrasound confirms hepatic metas-
tases. He declines further chemotherapy.
There is a symptomatic improvement with
dexamethasone but he dies of his disease 4
weeks later.

Radiotherapy

During treatment, it is inevitable that the
patient will experience some worsening of dys-
phagia owing to a radiation oesophagitis. This
can be minimized by avoidance of very hot
or cold food/fluids, and relieved by Mucaine
10 mL tds sipped slowly. Anorexia and nausea/
vomiting are likely if stomach and/or liver is
included in the radiation fields, and will be
helped by a regular anti-emetic. Radiation
pneumonitis is uncommon and usually subclin-
ical, although it can cause a dry cough, fever
and dyspnoea. Oesophageal stricture can occur
from 6 months after radiotherapy giving rise to
dysphagia, and needs to be distinguished from
recurrent tumour, preferably by endoscopy
so that a dilatation can be performed
simultaneously.
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Figure 9.2 Broncho-oesophageal fistula. Chest
radiograph taken after a gastrograffin swallow. Contrast
has leaked into the right side of the bronchial tree.

Chemotherapy

Apart from drug-specific toxicity, combined
modality treatment with chemotherapy and
radiotherapy leads to a severe acute
oesophageal reaction, which can compromise
nutrition and require supportive therapy.

Prognosis

Overall 5-year survival is only 5-10 per cent
and is usually due to many cases having occult
lymph node or distant metastases at presenta-
tion. For the subgroup undergoing potentially
curative surgery, the 5-year survival rate is
20 per cent or more depending on selection
criteria.

Screening/prevention

egy, and is associated with risks of the proce-
dure such as perforation, aspiration, vasovagal
events and bleeding.

Informing the public of the risks of tobacco
and alcohol could reduce the incidence of
oesophageal cancer. Other factors associated
with reducing the risk of oesophageal cancer
include a diet rich in green vegetables and long-
term use of non-steroidal anti-inflammatory
drugs.

Rare tumours

Adenoid cystic carcinoma

This is a tumour arising from the mucous
glands of the mucosa and is of the same type as
those arising in the parotid salivary gland and
elsewhere.

Small cell carcinoma

Although infiltration from an underlying lung
primary should be considered, a primary
tumour of this type has been described.
Melanoma

This is a rare site for mucosal melanoma. Prog-
nosis will be very poor owing to advanced stage
at presentation.

Carcinoid

This is an uncommon site for this rare tumour.
It should be treated as elsewhere by surgical
resection.

Leiomyosarcoma

This tumour arises from the smooth muscle
fibres of the oesophageal wall. It is best treated
by radical surgery combined with radiotherapy.

CARCINOMA OF THE
STOMACH

In the UK, patients with a Barrett’s oesophagus
and achalasia should be offered annual endo-
scopic examination because of their high risk of
developing carcinoma. Routine endoscopic
screening of a population is not a proven strat-

Epidemiology

Each year in the UK there are 8200 cases of
stomach cancer, 5200 cases in men and 3000
cases in women, accounting for 2.9 per cent of




all cancer cases and leading to a total of 5300
deaths per annum. There is a peak incidence at
50-70 years. Blood group O confers some pro-
tection against developing stomach cancer
while blood group A is associated with a higher
incidence of the diffuse form of stomach cancer.
The incidence is very high in Japan and Chile,
and increased in lower socioeconomic groups.

Aetiology

The stomach is exposed to a variety of carcino-
gens both ingested and produced from the action
of bacteria within the stomach. Nitrosamines
have been implicated in stomach cancer, as has a
diet rich in smoked foodstuffs. Excessive dietary
salt has been implicated. Atrophic gastritis and
achlorhydria both increase the risk of developing
stomach cancer, in the case of pernicious
anaemia by five-fold. This could be related to
bacterial overgrowth and increased production
of endogenous carcinogens. Infection with
Helicobacter pylori is associated with increased
risk of stomach cancer. A partial gastrectomy or
gastroenterostomy is also associated with an
increased cancer risk, probably owing to a
chronic reflux of bile salts into the stomach. An
adenoma—carcinoma sequence has been seen but
is much rarer than in the large bowel.

Pathology

Stomach cancers usually form discrete ulcerat-
ing lesions, but can be nodular or polypoid.
They are occasionally diffusely infiltrating lead-
ing to obliteration of the stomach lumen. Fifty
per cent arise in the pyloric region while, of
those arising in the body, most are found along
the lesser curvature; 95 per cent are adenocarci-
nomas, and 5 per cent squamous carcinoma or
adenoacanthoma (adenocarcinoma with areas
of squamous metaplasia). There is sometimes
evidence of prior intestinal metaplasia and car-
cinoma in situ in the surrounding mucosa.

Natural history

Cancers spread longitudinally and circumferen-
tially within the stomach and, as with carci-
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noma of the oesophagus, insidious submucosal
spread is frequent. Occasionally, this leads to
diffuse infiltration of the whole stomach with
luminal narrowing and rigidity of the stomach
wall, and a picture known as ‘linitis plastica’.
Progressive invasion into the muscle layer of the
stomach wall eventually leads to invasion of the
serosa and in turn invasion of adjacent viscera,
such as the omentum, pancreas, spleen, left
kidney and adrenal. Invasion superiorly by a
tumour of the fundus can result in occlusion of
the lower third of the oesophagus leading to
dysphagia and regurgitation. There is a propen-
sity for transcoelomic spread with diffuse peri-
toneal seeding leading to ascites (Fig. 9.3) and
ovarian deposits (Krukenberg tumours — Fig.
9.4), particularly with the signet ring variant.
Spread to the regional lymph nodes (gastric,
gastroduodenal, splenic and coeliac groups)
occurs early in the natural history, and Vir-
chow’s node in the left supraclavicular fossa can
be involved (Troisier’s sign). Distant spread
occurs in the liver via the portal venous circula-
tion, lung, bone, brain and skin.

Symptoms

The patient frequently presents with non-
specific gastrointestinal symptoms such as epi-
gastric discomfort, anorexia, nausea, vomiting
and weight loss, which are frequently confused
with a benign condition such as peptic ulcera-
tion or gastritis, and can even be relieved by the
antacids, H2-antagonists or proton pump
inhibitors prescribed for these conditions.
Others present with the symptoms of an iron-
deficiency anaemia, and stomach cancer should
always be considered in the assessment of such
patients. A more acute presentation occurs with
stomach perforation, haematemesis and/or
melaena.

Signs

At presentation, many will have been losing
weight, and cachexia is a frequent finding. An
epigastric mass might be palpable as can be
lymph nodes in the left supraclavicular fossa.
The liver is sometimes enlarged, tender and
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Figure 9.3 Massive ascites. (a) Frontal view of abdomen.
(b) Transverse CT image of abdomen.

knobbly, suggesting metastatic infiltration, and
there may be ascites. Non-metastatic manifesta-
tions such as dermatomyositis and acanthosis
nigricans might also be seen.

Figure 9.4 Krukenberg tumours. CT image of the pelvis.
There are bilateral ovarian masses representing
metastatic spread from gastric cancer.

Differential diagnosis

This includes:

inflammatory conditions, e.g. peptic ulcer
other malignant gastric tumours, e.g. lym-
phoma, leiomyosarcoma

benign gastric tumours, e.g. leiomyoma,
carcinoid.

Investigations

Barium meal

Double contrast barium meal will outline the
gastric mucosa and is a sensitive investigation
for detecting mucosal abnormalities. Although
carcinomas often have a characteristic appear-
ance, they can be confused with benign peptic
ulcers and therefore further investigation to
obtain a tissue diagnosis is mandatory.

Fibreoptic endoscopy

This allows direct visualization of the gastric
mucosa with a more accurate assessment of the
macroscopic appearances of an abnormality. It
also allows biopsy and brushings for cytology to
give a tissue diagnosis.

CT scan of the abdomen

This will provide the surgeon with information
regarding invasion beyond the stomach and
whether the regional lymph nodes are enlarged,
and thereby help determine whether the
tumour is operable (also see below).



Laparoscopy

This facilitates direct visualization of the stom-
ach, regional lymph nodes, liver and peritoneal
surfaces. It is complementary to high quality
cross-sectional imaging and is important in a
condition with a high rate of lymphatic involve-
ment and transcoelomic spread. The revelation
of an otherwise occult disease might in turn
spare the patient unnecessary surgery.

Tests to exclude metastatic disease

These include:

Baseline liver function tests

CT scan of the brain, thorax, abdomen and
pelvis to stage locoregional disease and
exclude  hepatic and/or  pulmonary
metastases

carcinoembryonic antigen, which may be
elevated reflecting tumour burden but is
not routinely of value. It sometimes permits
early diagnosis of distant and/or local
relapse after curative treatment.

Staging

The TNM system is widely used:

Tis — Carcinoma in situ

TO — No evidence of primary

TX - Primary cannot be assessed

T1 - Involving lamina propria/submucosa
T2 - Involving muscularis propria/subserosa
T3 — Penetrates serosa

T4 — Involving adjacent structures

NO - No regional lymphadenopathy

N1 -1 to 6 regional lymph nodes involved
N2 - 7 to 15 regional lymph nodes
involved

N3 - >15 regional lymph nodes involved
MO - No distant metastases

MI - Distant metastases.

Treatment

Radical treatment
Surgery

This is the only potentially curative treatment
but only two-thirds of patients are deemed
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operable after full staging investigations and a
further two-thirds of these will be found to be
inoperable, meaning that overall only 1 in 5
patients stand any chance of being cured. The
extent of surgical resection remains an area of
controversy. A partial or total gastrectomy is
performed in operable cases depending on the
size and site of the tumour. Total gastrectomy in
smaller tumours will have the advantage in sur-
gically clearing occult mucosal spread and syn-
chronous second primary cancers. A DI
resection involves removal of the first echelon
perigastric lymph nodes, whilst a D2 resection
will remove the second echelon nodes and
invariably is a more substantial surgical proce-
dure, requiring greater expertise and a higher
operative mortality. Despite this, evidence is
emerging particularly from Japan of the superi-
ority of a D2 lymphadenectomy particularly for
larger, more deeply penetrating tumours. There
is no evidence to support routine removal of
the spleen.

Recent advances in laparoscopic surgery are
being applied to gastric cancer. This may
involve a small incision to allow passage of
digits (laparoscopically assisted digital gastrec-
tomy) or a hand (hand-assisted laparoscopic
gastrectomy). If there are perioperative compli-
cations, conversion to an open procedure is
usual. There are fewer cases of ileus and postop-
erative chest infections after laparoscopic sur-
gery but it might result in fewer lymph nodes
being removed. Long-term outcomes are there-
fore awaited.

Radiotherapy

Radiotherapy has no curative role in treatment
owing to the dose-limiting toxicity induced in
the stomach and adjacent structures such as the
small bowel and transverse colon when a high
dose of radiation is administered. Adjuvant
postoperative radiotherapy does not signifi-
cantly improve survival but does reduce the risk
of local recurrence approximately three-fold. A
recent, large, randomized trial indicated that
postoperative chemoradiation (CRT) substan-
tially improved overall survival in high-risk
completely resected locally advanced adenocar-
cinoma of the stomach and gastroesophageal
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junction. In the United States, this CRT regi-
men is becoming the standard of care.

Chemotherapy

Recent randomized trials of preoperative and
perioperative chemotherapy have helped define
the role of chemotherapy in this disease which
hitherto had been treated exclusively by sur-
gery or a palliative care approach. Preopera-
tive/perioperative chemotherapy using cisplatin
and S5FU with or without epirubicin increases
the rate of subsequent curative surgery and
yields a 5-year improvement in overall survival
of 10-15 per cent.

Palliative treatment
Surgery

Intestinal bypass surgery (e.g. gastrojejunos-
tomy) is effective in relieving gastric outflow
obstruction while gastrectomy may be justified
in the presence of metastatic disease when mas-
sive bleeding cannot be controlled by less inva-
sive methods.

Radiotherapy

Radiotherapy is valuable in relieving the local
symptoms of inoperable disease such as dyspha-
gia, haemorrhage or pain owing to retroperi-
toneal infiltration.

Chemotherapy

As with other solid tumours, there is some evi-
dence suggesting that immediate chemotherapy
confers a survival advantage compared with
best supportive care. This could be of value in
relieving symptoms from metastatic disease,
particularly for lung and liver metastases. The
most active single agent is SFU, which may be
used in combination with other drugs such as
Adriamycin and mitomycin C (FAM)/metho-
trexate (FAMtx) or epirubicin and cisplatin
(ECF). Response rates of 30-40 per cent have
been reported with median survivals in the
region of 6-12 months. As gastric cancer has
some analogies with colorectal cancer with
respect to SFU being the agent with the great-
est track record, it is not surprising that drugs
such as irinotecan are also being tested. Build-
ing on their success at other sites, the taxanes

are also the subject of further study in this
disease.

Endoscopic procedures

Laser therapy is particularly useful for the pho-
tocoagulation of a persistently bleeding tumour
or debulking of a large tumour that is narrowing
the oesophageal lumen. An oesophageal endo-
prosthesis is occasionally of benefit for a
tumour of the upper stomach occluding the
oesophagus from below.

Tumour-related complications

Haemorrhage can be life threatening if a major
gastric vessel is eroded, while chronic blood loss
will lead to an iron-deficiency anaemia with a
reduced serum ferritin. Invasion through the
stomach wall into the peritoneal cavity some-
times leads to leakage of gastric contents and an
acute peritonitis. Pyloric stenosis can lead to
gastric outflow obstruction, eventually leading
to episodes of projectile vomiting, visible peri-
stalsis, a ‘succussion splash’ and obstruction.
Mucin secretion by the tumour might rarely
result in activation of the plasmin/plasminogen
cascade, leading to a disseminated intravascular
coagulation manifested by abnormal clotting,
thrombocytopenia and raised fibrin degradation
products (see Chapter 8).

Treatment-related complications

Surgery

Loss of stomach volume will lead to a feeling of
fullness after small portions of food, while loss
of gastric acidity can predispose to iron defi-
ciency. Impaired intrinsic factor production will
lead to vitamin B12 deficiency secondary to
impaired absorption at the terminal ileum
resulting in a macrocytic anaemia, while
impaired digestion can result in malabsorption
and a ‘dumping syndrome’ owing to hypogly-
caemia. Sternal ulceration and ultimately a
second malignancy might occur.

Radiotherapy

During treatment the patient will experience
some degree of anorexia, nausea and vomiting.



High doses of radiation to the stomach can
result in a chronic gastritis. The left kidney
might receive a dose sufficient to impair its
function permanently, which will be relevant if
the right kidney function is subnormal. Radia-
tion enteritis is also a recognized complication.

Prognosis

The median survival for patients with unre-
sectable disease is about 4 months and the 5-year
survival is <10 per cent overall, rising to 15-20
per cent in those undergoing successful surgical
resection. Early gastric cancer has a good 5-year
survival of 70 per cent or more. In stage
TisNOMO disease confined to the mucosa, results
from radical surgery are excellent with 5-year
survivals of 90 per cent or more. Adverse prog-
nostic factors include increasing tumour stage at
presentation, unresectable disease, diffuse mor-
phology and poor tumour differentiation.

Screening/prevention

A screening programme of double contrast
barium examination of the stomach and gas-
troscopy has been successfully implemented in
Japan. This has led to a greater proportion of
early cancers being detected, resulting in a
decline in mortality. The efficacy of screening in
Western populations is yet to be proven. Logic
would suggest that treatment of Helicobacter
pylori and adoption of a healthy diet rich in veg-
etables and low in salt should decrease the inci-
dence of gastric cancer but this is yet to be
proven.

Rare tumours

Gastrointestinal stromal tumour (GIST)

GISTs are mesenchymal neoplasms occurring
in later life: 70 per cent arise in the stomach, 25
per cent in the small intestine. They express a
growth factor receptor with tyrosine kinase
activity (c-kit) which can be detected with
CD117 immunohistochemistry. Their uncon-
trolled cell proliferation makes them highly
malignant tumours that are relatively resistant
to conventional treatments and invariably fatal.

Carcinoma of the stomach

129

(b) ' '

Figure 9.5 GIST tumour. PET scan showing high glucose
metabolism within a GIST tumour arising just above the
bladder superimposed on the CT anatomy for spatial
reference. (a) Transverse view. (b) Coronal view.

They typically take up glucose avidly and there-
fore PET imaging is a sensitive way of visualiz-
ing them (Fig. 9.5). However, significant
responses and long-term survivors have been
seen with the antibody imatinib (Glivec®)
which targets c-kit. Consideration should there-
fore be given to identifying such tumours when
usual sites/histological patterns of gastrointesti-
nal malignancy are diagnosed, so that the few
individuals with this disease can be identified
and treated appropriately.

Leiomyoma

This is a benign tumour arising from smooth
muscle of the stomach wall, often found
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incidentally during investigation of the upper
gastrointestinal tract but it may ulcerate leading
to haematemesis.

Carcinoid

The stomach is a very uncommon site for carci-
noid tumours, which are best treated surgically
(see Chapter 14).

Lymphoma

The stomach is a common site for extranodal
lymphoma - wusually a low-grade tumour
mucosal associated lymphoid tissue (MALT-
oma).

CARCINOMA OF THE
PANCREAS

Epidemiology

Each year in the UK there are 7400 cases of
pancreatic cancer, 3600 cases in men and 3800
cases in women, accounting for 2.6 per cent of
all cancer cases and leading to a total of 7300
deaths per annum. Most patients are over 50
years at diagnosis, the peak incidence being at
60-80 years. It is a disease of industrialized
countries.

Aetiology

Pancreatic cancer has been associated with:

smoking tobacco

high dietary fat and meat consumption
high coffee and/or alcohol consumption
diabetes mellitus

chronic pancreatitis

previous surgery for peptic ulcer disease
industrial exposure to the insecticide DDT
familial cancer syndromes, e.g. multiple
endocrine neoplasia type 1, von Hippel-
Lindau syndrome, ataxia telangiectasia.

Pathology

The tumour is well circumscribed or diffusely
infiltrating the pancreas; 30 per cent arise in the
head and are often associated with a dilated

common bile duct, and 20 per cent in the body
or tail, the remainder being more diffuse in
origin. Carcinoma arises from the ducts (90 per
cent) and glandular elements (10 per cent)
rather than the hormone-producing cells and is
invariably a mucin-producing adenocarcinoma.
There might be evidence of a chronic pancreati-
tis distal to any blocked pancreatic ducts and
the majority stain for carcinoembryonic antigen

(CEA).

Natural history

The tumour infiltrates diffusely through the
gland, or might grow along the pancreatic duct
system, eventually reaching the common bile
duct and ampulla of Vater. The capsule can be
breached leading to invasion of the stomach,
duodenum, spleen, aorta and retroperitoneal
tissues, and transcoelomic spread can occur
with diffuse peritoneal involvement and ascites.
Regional lymph nodes are frequently involved
and include the pancreaticoduodenal, gastro-
duodenal, hepatic, superior mesenteric and
coeliac groups. The majority have distant
metastases by the time of diagnosis at sites
including the liver, lung, skin and brain.

Symptoms

Pancreatic cancer is notorious for presenting
late in the natural history of the disease, reflect-
ing the deep-seated anatomical position of the
pancreas and high prevalence of non-specific
upper gastrointestinal symptoms in the popula-
tion. Tumours of the head of the pancreas most
frequently present with obstructive jaundice
(progressive jaundice, dark urine, pale stools,
itching) owing to occlusion of the common bile
duct. Tumours of the body and tail of the pan-
creas are more likely to present with pain, usu-
ally epigastric with radiation to the back.
Extensive pancreatic infiltration or blockage of
the major ducts will lead to malabsorption
owing to exocrine dysfunction, which will
result in pale, fatty, offensive stools (steator-
rhoea) which float on water and are difficult to
flush down the lavatory pan. Pancreatic
endocrine dysfunction will lead to impaired



glucose tolerance or diabetes mellitus in 20 per
cent, causing thirst, polyuria, nocturia and
weight loss.

Signs

The patient often has jaundice, and the gall-
bladder may be palpable in the right upper
quadrant of the abdomen, suggesting extrahep-
atic biliary obstruction that is not due to
chronic gallstone disease (positive Courvoisier’s
sign). There will be pale stools on rectal exami-
nation and dark urine. Scratch marks on the
trunk are a sign of pruritus owing to bile salt
retention. A mass might be palpable in the epi-
gastrium, fixed owing to its retroperitoneal
location. Weight loss is common and can lead to
profound cachexia. The liver might be enlarged
and knobbly, consistent with metastatic infiltra-
tion. Petechiae, purpura and bruising are seen in
advanced disease from disseminated intravascu-
lar coagulation (DIC).

Differential diagnosis

Gallstones are a common cause of obstructive
jaundice and abdominal pain, although they are
not commonly associated with systemic symp-
toms and are not a cause of glucose intolerance.
Benign tumours such as a glucagonama, gastri-
noma or VIPoma should also be considered.

Investigations

Liver function tests

These will demonstrate the degree of obstruc-
tive jaundice, characterized by raised total
serum bilirubin, elevated alkaline phosphatase
and y-glutamyltransferase with normal or
slightly elevated liver transferases (ALT).

Clotting profile

There will be derangement of vitamin K-depen-
dent clotting factors. This is reflected in a pro-
longation of the international normalized ratio
(INR), and will show clinically as bruising and a
tendency to prolonged bleeding. A full blood
count and clotting profile should always be per-
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formed prior to invasive investigations such as
an ERCP or CT-guided biopsy, and serum col-
lected for grouping so that fresh frozen plasma
or blood can be given at short notice should
there be a haemorrhage after biopsy. Patients
suspected of having DIC should have blood
sent to measure fibrin degradation products

(FDPs).

CA 19-9 tumour marker assay

This is worth measuring as a baseline. It is a
potentially useful response marker of disease
activity.

Chest X-ray

A chest X-ray is indicated to exclude pul-
monary metastases.

Computed tomography (CT) of the
abdomen

This characteristically shows dilatation of the
common bile duct associated with a mass lesion
in the head of the pancreas, a discrete mass in
the body or tail of the pancreas, or diffuse
enlargement of the pancreas. All patients con-
sidered suitable for radical surgery should
undergo this investigation as it is the best way
of defining the extent of local invasion, pres-
ence of enlarged regional lymph nodes and liver
metastases. It also facilitates a fine needle
biopsy when a definitive diagnosis cannot be
made by less invasive procedures.

Magnetic resonance imaging (MRI)

The superior soft tissue resolution of MRI is
best exploited when curative surgery is contem-
plated. It is useful for clarifying the local extent
of tumour infiltration with regard to adjacent
anatomical structures that cannot be sacrificed,
and may be of use in surgical planning.

Positron emission tomography (PET)

This is now routinely performed to complete
whole body staging prior to curative surgery.
Careful patient selection is vital for radical sur-
gery where morbidity and mortality are very
high. It has the advantage of disclosing the pres-
ence of metastatic disease at occult sites in the
body (e.g. peritoneal cavity) and can show foci
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of active cancer in abdominal lymph where CT
can be equivocal or negative.

Endoscopic retrograde
cholepancreaticogram (ERCP)

A side-viewing endoscope is passed into the
duodenum allowing cannulation of the
ampullary duct under direct vision. With an
image intensifier, a cannula is advanced into the
main pancreatic duct and contrast injected to
opacify the pancreatic duct system and extra-
hepatic biliary tree. Gallstones will appear as
filling defects in the ducts while pancreatic car-
cinoma will lead to distortion and obstruction
of the pancreatic ducts and extrinsic compres-
sion of the common bile duct. Duodenal and
pancreatic aspirates collected through the
endoscope can be sent for cytology.

Percutaneous transhepatic cholangiography
(PTC)

A needle is passed through the skin into a
dilated extrahepatic bile duct under ultrasound
control and a cholangiogram obtained by inject-
ing contrast into the biliary tree. It will visualize
any gallstones in the biliary tree, and in the case
of carcinoma confirm blockage of the common
bile duct by extrinsic compression at the level
of the pancreas.

Laparotomy

Occasionally, it is not possible to make a diag-
nosis from less invasive investigations. If there
are no metastases detected during staging and
the tumour is otherwise operable, laparotomy is
justified with a view to radical surgery if frozen
section is positive for malignancy.

Staging

The TNM system is widely used:

Tis — Carcinoma in situ

TO — No evidence of primary

TX — Primary cannot be assessed

T1 — Limited to pancreas, 2 cm or less in
greatest dimension

T2 — Limited to pancreas, >2 cm in greatest
dimension

T3 — Direct invasion involving any of duo-
denum, bile duct, peripancreatic tissues

T4 — Direct invasion involving any of stom-
ach, spleen, colon, adjacent large vessels
NO - No regional lymphadenopathy

N1 - Regional lymph nodes involved

MO - No distant metastases

MI - Distant metastases.

Treatment

Radical treatment

Pancreatic cancer is a condition where more
effective management strategies are required.
Very few advances have been made over the
last decade and the prognosis remains poor.
Such patients should therefore be recruited to
clinical trial protocols whenever possible.

Surgery

This is the only potentially curative option.
Patients must be carefully selected for radical
surgery as only 10-20 per cent will be suitable
candidates. Improvements in imaging technol-
ogy, including spiral CT, MRI, positron emission
tomography (PET), endoscopic ultrasound
examination and laparoscopic staging can aid in
the diagnosis and the identification of patients
with disease that is not amenable to resection.
The operation of choice was originally
described by Whipple and comprises a pancre-
aticoduodenectomy, although this is associated
with significant operative morbidity and mor-
tality, even in the hands of surgeons regularly
performing the operation. Contemporary vari-
ants include pylorus-sparing pancreaticoduo-
denectomy. For those patients with localized
disease and small cancers (<2 cm) with no
lymph node metastases and no extension
beyond the capsule of the pancreas, complete
surgical resection can yield actuarial 5-year sur-
vival rates of approximately 20 per cent.

Radiotherapy

Carcinoma of the pancreas is incurable using
current radiotherapy techniques and doses
owing to the high incidence of metastases at
diagnosis, and the proximity of radiation dose-
limiting normal tissues such as the spinal cord,



small bowel and kidneys. Some of these isssues
can be overcome by delivering radiotherapy
intraoperatively but even this has not made a
significant impact on curability and survival.
Newer radiotherapy techniques such as intensity-
modulated radiotherapy (IMRT) could allow a
higher dose delivery in the future. For the pres-
ent, local recurrence remains a major problem
with recurrence rates varying between 50 and
80 per cent. The only treatment that has been
shown to reduce this is postoperative chemora-
diotherapy (CRT) using 5FU, which is more
effective than radiotherapy alone, but the prob-
lem of occult liver metastases is not adequately
addressed with this approach and the start of
treatment is invariably delayed by the recovery
period after surgery. Preoperative CRT has the
advantage of starting immediately following
diagnosis and allowing greater selection for sur-
gery pending the results of restaging of the local
disease and liver after CRT. The optimum use of
multimodality treatment is still a matter of
debate and controversy.

Chemotherapy

Adjuvant chemotherapy using gemcitabine
after potentially curative surgical resection
nearly doubles the median disease-free survival
to 13 months compared with 7 months for
observation alone. Although there is only a
small overall median survival advantage of 3
months, it is estimated that this may double
S5-year survival to 21 per cent for gemcitabine-
treated patients compared with 9 per cent for
observation alone.

Palliative treatment
Surgery

Many patients are found at laparotomy to be
inoperable. Rather than going on to perform an
operation that stands no chance of prolonging
the patient’s survival, if the patient has obstruc-
tive jaundice or is at risk of developing it in the
near future, surgeons should consider a bypass
procedure (choledochojejunostomy) to allow
free drainage of bile. Gastroenterostomy will
relieve duodenal obstruction by a large peri-
ampullary carcinoma.
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Radiotherapy

This is of value for relieving pain from
retroperitoneal tumour extension, but is not a
satisfactory treatment for the relief of obstruc-
tive jaundice.

Chemotherapy

It may not be justified to treat patients with
pancreatic carcinoma with chemotherapy as
most patients will already have systemic symp-
toms, an impaired performance status and short
life expectancy. The FAM (5FU, Adriamycin,
mitomycin C) combination has been histori-
cally favoured. This was then superseded by
single-agent gemcitabine. Recent data indicate
that the combination of gemcitabine and
capecitabine is superior to gemcitabine alone
with a l-year survival advantage of around 7
per cent (26 per cent versus 19 per cent). This
is now considered to be a reasonable standard
of care.

Hormone therapy

Initial in vitro experiments suggested the possi-
ble usefulness of hormone therapies. This stim-
ulated clinical trials of tamoxifen. No significant
advantage was proven with this approach.

Biological therapy

The orally delivered tyrosine kinase inhibitor
erlotinib (Tarceva®) inhibits the intracellular
pathways involved in cell signalling and, when
combined with gemcitabine chemotherapy,
yields a 7 per cent 1-year survival advantage in
those with locally advanced or metastatic
disease.

Medical treatment

Endoscopic placement of a bile duct stent helps
to relieve obstructive jaundice. Cholestyramine
can relieve the pruritus of intractable obstruc-
tive jaundice, while pancreatic enzyme supple-
ments will relieve the steatorrhoea associated
with the malabsorption of fats. Vitamin K
administered intravenously is indicated if there
is a symptomatic coagulopathy related to a defi-
ciency of the vitamin K-dependent clotting fac-
tors. Coeliac axis nerve blocks can alleviate
intractable pain.
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CASE HISTORY

A previously fit 55-year-old man presents
with dark urine, pale stools and jaundice.
Liver function tests indicate a 7y-glutamyl-
transferase (GGT) of 670 U/L (normal <42)
and alkaline phosphatase (ALP) of 725 U/L

(normal range 38-126). The bilirubin is ele-
vated at 90 umol/L (normal range <17). Liver
ultrasound suggests dilatation of the extrahep-
atic biliary tree, with enlargement of the head
of the pancreas. An ERCP is performed and
washings from the pancreatic duct confirm
adenocarcinoma cells. CT imaging confirms a
mass in the head of the pancreas with no evi-
dence of metastatic disease elsewhere. This is
confirmed by PET imaging. The CA19-9 is
not elevated. He is referred to a hepatobiliary
surgeon and undergoes a radical pancreatico-
duodenectomy. Pathological examination of
the surgical specimen confirms complete

Tumour-related complications

There are a number of recognized vascular
complications:

renal vein thrombosis

portal vein thrombosis

splenic vein thrombosis
thrombophlebitis migrans
disseminated intravascular coagulation.

Renal vein thrombosis results in renal con-
gestion and a nephrotic syndrome. Portal vein
thrombosis leads to a Budd-Chiari syndrome,
characterized by the rapid accumulation of
ascites and hepatic congestion, while splenic
vein thrombosis leads to portal hypertension
and oesophageal varices. Thrombophlebitis
migrans is characterized by intermittent bouts
of tenderness, erythema and induration of
superficial veins. Disseminated intravascular
coagulation is due to mucin production by the
tumour, which leads to an inappropriate activa-
tion of the clotting cascade (see Chapter 8).

Non-metastatic manifestations include:

excision of a pancreatic adenocarcinoma. He
is started on insulin for iatrogenic diabetes
mellitus and pancreatic enzyme supplements.
He expresses a wish to be treated as actively
as possible so receives six cycles of postopera-
tive adjuvant chemotherapy using single agent
gemcitabine.

Two years later, he develops pain in the
right upper quadrant of the abdomen. Liver
ultrasound confirms multiple liver metas-
tases. During this time, he develops swelling
of the left leg and a Doppler ultrasound con-
firms a deep vein thrombosis. Despite antico-
agulation with warfarin, 2 weeeks later the
toes on the right foot become painful, cold
and discoloured. Arteriography confirms a
popliteal artery thrombosis. This is managed
conservatively; 24 hours later, before he can
be considered for salvage chemotherapy, he
dies of a sudden, massive pulmonary embo-
lus from the coagulopathy induced by his
cancer.

profound depression

migratory thrombophlebitis
hypercalcaemia (production of parathyroid
hormone-like peptides)

Cushing’s syndrome (ACTH production)
carcinoid syndrome (5-HT production)
murantic endocarditis

syndrome of metastatic fat necrosis.

Treatment-related complications

Surgery

Radical pancreaticoduodenectomy has an
extremely high operative morbidity and mortal-
ity. The loss of exocrine and endocrine pancre-
atic secretions will lead to permanent diabetes
mellitus requiring insulin and malabsorption of
fat requiring enzyme supplements with each
meal.

Radiotherapy

Radiotherapy to the pancreatic bed will result
in temporary anorexia, nausea, vomiting, gastri-



tis, colic and diarrhoea. Late complications are
infrequently encountered owing to the
extremely poor prognosis of the disease.

Prognosis

The outlook is extremely poor with a 5-year
survival of less than 5 per cent. Of those under-
going radical surgery, there is a 5-year survival
of about 10-20 per cent.

Rare tumours

Gastroenteropancreatic (GEP)
neuroendocrine tumours

These comprise:

carcinoid
gastrinoma
insulinoma
glucagonoma
VIPoma.

The pancreas is a rare site for carcinoid (see
Chapter 14). Partial pancreatectomy will be
curative unless there has been metastasis to the
liver.

Gastrinoma 1is a gastrin-secreting tumour
which leads to the Zollinger-Ellison syndrome,
characterized by hypersecretion of acid in the
stomach leading to intractable peptic ulcera-
tion. An elevated serum gastrin level is diagnos-
tic and about two-thirds are malignant. It is
sometimes associated with adenomata of the
pituitary and parathyroid as part of multiple
endocrine neoplasia type 1 (MEN 1). After
detailed staging with a CT scan and selective
venous angiography, the treatment of choice is a
partial pancreatectomy.

Insulinoma arises from the beta cells of the
islets and secretes insulin, leading to fasting
hypoglycaemia. There is an association with
MEN 1. Ninety per cent are benign and 10 per
cent multiple. Treatment is surgical as for gastri-
noma. Historically, diazoxide (a beta cell toxin)
has been used to relieve the unremitting hypo-
glycaemia of advanced disease.

Glucagonoma from the alpha cells of the pan-
creas secretes glucagon, leading to a syndrome
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of diabetes mellitus, a migratory necrolytic ery-
thema of the skin and stomatitis. Approxi-
mately half are malignant with metastases in
the liver. Surgery is the treatment of choice.

VIPoma leads to Werner—-Morrison syndrome
characterized by severe watery diarrhoea and
hypokalaemia. The majority are benign.

The somatostatin analogue octreotide can be
radiolabelled and used as a useful tracer for
whole body imaging. It therefore contributes to
staging and predicts for response to octreotide
when used therapeutically. Octreotide has
shown considerable activity in GEP tumours
and therefore has an important role in symp-
tom relief and disease stabilization in advanced
stages of disease.

HEPATOCELLULAR
CANCER

This is synonymous with hepatoma.

Epidemiology

This is one of the most common tumours
worldwide, but is comparatively rare in the UK.
Each year in the UK there are 2900 cases of
liver cancer, 1700 cases in men and 1200 cases
in women, accounting for 1 per cent of all
cancer cases and leading to a total of 3100
deaths per annum. It should be noted that
worldwide, it is the fourth commonest cancer.
The peak incidence in the developed countries
is at 40-60 years compared with 20-40 years in
endemic areas. There is a very high incidence in
areas where hepatitis B is endemic such as West

Africa and China.

Aetiology

The hepatitis B and C viruses are implicated,
an observation supported by the geographical
variation of hepatoma following that of areas
where hepatitis B and C are endemic in the
population. Hepatitis A and G are not impli-
cated in the causation of hepatoma. Hepatoma
often arises in a cirrhotic liver although the
aetiological agent (e.g. alcohol, iron in
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haemochromatosis, autoantibodies in chronic
active hepatitis) responsible for the cirrhosis is
unimportant. Macronodular cirrhosis is a
greater risk factor than micronodular, and
males greatly outnumber females with this
complication. Aflatoxin is a mycotoxin pro-
duced by the fungus Aspergillus flavus, which is
found in stored cereals and is a hepatic carcino-
gen when ingested. Thorotrast was used histor-
ically as a radiographic contrast agent and
contains a high level of the radioactive isotope
thorium, which emits alpha particles, leading
to intense irradiation of the liver which in turn
may lead to hepatoma. Hepatoma has also
been described in men following use of andro-
genic anabolic steroids for body building.

Pathology

The tumour grows rapidly, is usually large,
arises from the liver parenchyma or a cirrhotic
nodule and may be multifocal. In cut section
there is bile staining, haemorrhage and necro-
sis. It invades through the liver capsule, along
the hepatic ducts and blood vessels. Intrahep-
atic ducts proximal to the tumour will be
obstructed and therefore dilated. The tumour
is composed of hepatocytes which have lost
the characteristic architecture of the portal
tracts and frequently stain for a-fetoprotein

(AFP).

Natural history

The tumour may remain confined to the liver,
invading along the intrahepatic bile ducts and
hepatic veins, or breach the liver capsule, lead-
ing to invasion of adjacent structures such as
the hepatic veins, portal vein, inferior vena cava,
right hemidiaphragm, right kidney, right adre-
nal, stomach and transverse colon. The hilar
lymph nodes at the base of the liver and portal
nodes are frequently involved.

The lungs are the most common site of dis-
tant metastases, although bone, skin and brain
can also be involved. Spread beyond the liver
capsule sometimes leads to diffuse peritoneal
involvement which in turn can cause malignant
ascites.
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Symptoms

There is often a long history of increasing ill-
health with hepatic pain owing to distension of
the liver capsule which contains many stretch
receptors. The onset of pain can be acute and
severe if precipitated by a sudden haemorrhage
into the tumour, which leads to its rapid
enlargement. Swollen legs are a common com-
plaint in advanced cases owing to a combina-
tion of hypoalbuminaemia and compression of
the inferior vena cava. Systemic symptoms such
as anorexia, nausea, weight loss, fever and
malaise are frequent.

Signs

There might be evidence of an underlying cir-
rhosis such as clubbing, leukonychia, palmar
erythema, jaundice, spider naevi, gynaecomas-
tia, testicular atrophy, ascites, ankle oedema,
dilated superficial abdominal wall veins and
splenomegaly. Signs of hepatic encephalopathy
are rare. The liver can be diffusely enlarged
owing to cirrhosis, focally enlarged owing to the
hepatoma or both. An arterial bruit and hepatic
rub might be heard over the tumour owing to
its rich vascular supply and capsular invasion,
respectively.

Differential diagnosis

A poorly differentiated hepatoma can cause
confusion with a carcinoma of unknown pri-
mary metastasizing to the liver. A high serum
AFP or positive staining for AFP within a biopsy
supports the diagnosis of hepatoma.

Investigations

Liver function tests, clotting parameters

Liver function derangement is common but
more likely to be due to an underlying cirrhosis
rather than the hepatoma itself. Assessment of
clotting is necessary prior to liver biopsy or any
invasive procedure.

Hepatitis serology

Serology for types A,B,C and D should be
performed.



Serum o-fetoprotein

This is elevated in 90 per cent of cases. It is a
useful diagnostic test, of value in monitoring
response to therapy (especially surgery) and in
predicting relapse.

Chest X-ray

This is mandatory prior to surgery to exclude
pulmonary metastases, with a CT scan of the
thorax if there is any suggestion of metastases
from the plain radiographs.

Liver ultrasound and percutaneous biopsy

This localizes and measures the tumour,
assesses the inferior vena cava and other large
blood vessels for obstruction, and allows percu-
taneous biopsy under direct vision. A random
biopsy of the contralateral lobe is desirable in
patients for whom resection is planned.

Computed tomography (CT) of the liver and
upper abdomen

This complements information obtained from
abdominal ultrasound and facilitates percuta-
neous biopsy when the tumour is not ade-
quately localized by ultrasound. Typically, it
demonstrates a large necrotic filling defect in
the liver (Fig. 9.6). It is also very useful for
excluding invasion of the portal vein and/or

Figure 9.6 Hepatocellular carcinoma. CT image of the
upper abdomen showing a very large, round, necrotic
tumour arising from the substance of the liver.
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hepatic veins. It is mandatory if surgery or
radiotherapy is planned.

Magnetic resonance imaging (MRI) of liver

This can provide additional information for the
surgeon regarding the tumour extent within the
liver and thereby determine operability.

Laparoscopic biopsy

This is indicated if multiple percutaneous biop-
sies have failed to give a result.

Angiography

This will define the tumour precisely in terms of
its size, position and vascular supply, and is
mandatory prior to surgical resection or emboliza-
tion. CT or MRI angiography is desirable.

Staging

The TNM system is widely used:

Tis — Carcinoma in situ

TO — No evidence of primary

TX — Primary cannot be assessed

T1 - Solitary tumour 2 cm or less in great-
est dimension without vascular invasion

T2 - Solitary tumour 2 cm or less in great-
est dimension with vascular invasion; or
multiple tumours limited to one lobe, none
>2 cm without vascular invasion; or solitary
tumour >2 cm without vascular invasion
T3 - Solitary tumour >2 cm in greatest
dimension with vascular invasion; or multi-
ple tumours limited to one lobe, none >2
cm with vascular invasion; or multiple
tumours limited to one lobe, any >2 cm
with or without vascular invasion

T4 — Multiple tumours in more than one
lobe; or tumour(s) involving a major branch
of the portal or hepatic vein(s); or
tumour(s) with direct invasion of adjacent
organs other than gallbladder; or tumour(s)
with perforation of visceral peritoneum

NO - No regional lymphadenopathy

N1 - Regional lymph nodes involved

MO - No distant metastases

MI - Distant metastases.
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Treatment

Radical treatment
Surgery

Up to 90 per cent of the liver can be resected as
the remaining portion has a remarkable capac-
ity for regeneration. Patients requiring very
extensive surgery or those with cirrhosis could
be considered for hepatectomy and liver trans-
plantation. Meticulous preoperative staging is
required whenever such surgery is planned.

Radiotherapy

High-dose radiotherapy with curative intent is
impractical at this anatomical site and
hepatoma is a tumour type that is relatively
resistant to radiation.

Palliative treatment
Surgery

Hepatomas derive their blood supply from the
hepatic artery and ligation of this vessel close to
the liver can palliate local symptoms, particu-
larly pain. The portal vein must be patent to
prevent ischaemic necrosis of the liver and a
cholecystectomy must be performed lest there
be necrosis of the gallbladder. Mortality from
this procedure is less than 5 per cent, but the
response is short-lived owing to development of
a collateral tumour circulation.

Radiotherapy

Low doses of radiation can be given with the
expectation of relieving hepatic pain.

Radiofrequency ablation

This is a minimally invasive technique whereby
the tumour is thermally ablated by alternating
current radiofrequency using a probe implanted
directly into the tumour. It is best suited
to small, unifocal tumours. It may be preferred
to surgery in those with severe background
cirrhosis.

Chemotherapy

Adriamycin, S5FU and cisplatin are the most
active agents. The advent of other drugs effec-
tive in the management of other gastrointesti-

nal malignancies has increased the treatment
options although response rates remain low
(typically <25 per cent). Regional chemother-
apy delivered via the hepatic artery, either as
infusions of drugs or as embolism microspheres,
is used in some specialist centres.

Biological therapies

Sorafenib (Nexavar®) is a multikinase inhibitor,
which decreases cell growth and angiogenesis. It
increases median survival to 11 months com-
pared with 8 months for those treated by
placebo. The commonest side-effects are diar-
rhoea, hand-foot syndrome and fatigue.

Hepatic artery embolization

This is less invasive than ligation of the artery,
and has a longer symptomatic response, as the
collateral circulation develops more slowly, and
it is also anatomically more selective. Unlike lig-
ation, it can be repeated when symptoms recur.
Responses of up to 50 per cent are seen.

Percutaneous ethanol injection (PEI)

This is an effective chemical means of inducing
tumour necrosis in small tumours. It is rela-
tively free of serious toxicity.

Tumour-related complications

A number of non-metastatic manifestations are
recognized including:

hypoglycaemia (insulin-like peptides)
polycythaemia (erythropoietin-like
peptides)

hypercalcaemia (parathyroid hormone-like
peptides)

feminization (oestrogens)

pyrexia of unknown origin (pyrogens)
porphyria cutanea tarda (porphyrins).

Portal vein thrombosis will lead to
splenomegaly, ascites and oesophageal varices,
while hepatic vein thrombosis will lead to a
Budd-Chiari syndrome with ascites, hepato-
megaly and leg oedema. Inferior vena cava
obstruction will lead to oedema below the
umbilicus. Sudden haemorrhage can occur into
the tumour causing acute right upper abdominal



pain, or into the abdomen causing abdominal
pain and distension, which may lead to death.

Treatment-related complications
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other conditions where the risk of hepatoma is
very high (e.g. haemochromatosis).

Rare tumours

Surgery

Partial hepatectomy can lead to hepatic decom-
pensation if the function of the remaining liver
is poor. Transplant patients will also have the
problems of rejection and chronic immunosup-
pression to overcome.

Radiotherapy

Hepatic irradiation invariably causes anorexia,
nausea and vomiting during treatment, and
radiation hepatitis can result when a large
volume of liver has been irradiated.

Hepatic artery embolization

Ectopic embolic phenomena can lead to infarc-
tion of other abdominal viscera.

Prognosis

Untreated, median survival is around 8 months.
Surgery is the only potentially curative treat-
ment and even after liver transplantation for
carefully selected patients, less than 20 per cent
will have long-term disease-free survival.
Sorafenib is the only systemic therapy thus far
to improve survival.

Prevention

Vaccination against hepatitis B is a sensible
strategy. Health education and improved food
storage to avoid contamination with aflatoxin
might decrease the incidence of hepatoma in
endemic areas.

Screening

Measurements of o-fetoprotein and liver
ultrasound are probably the most sensitive
investigations for screening and detecting
hepatoma while it is operable. High-risk
populations would include hepatitis B surface
antigen-positive individuals with cirrhosis or

Angiosarcoma

This is very rare and associated with medical
exposure to thorotrast and industrial exposure
to vinyl chloride monomer.

CHOLANGIOCARCINOMA

This is a malignant tumour arising from the
epithelium lining the extrahepatic biliary tract.

Epidemiology

This is rare in developed countries. For exam-
ple, in the UK there are fewer than 1000 new
cases and 300 deaths registered per annum. It is
about half as common as carcinoma of the gall-
bladder. The peak age incidence is 50-70 years
and there is a slight female predominance. It is
more common in areas where liver flukes are
endemic, e.g. South East Asia.

Aetiology

Recognized associations include:

liver flukes, e.g. Clonorchis sinensis

primary sclerosing cholangitis — a rare com-
plication of chronic ulcerative colitis
chronic infective cholangitis secondary to
gallstones

radiation — previous use of thorotrast con-
trast medium (of historical significance
only)

congenital biliary abnormalities, e.g. chole-
dochal cyst.

Pathology

Tumours of the upper third of the extrahepatic
biliary tree tend to be diffusely sclerosing lead-
ing to a malignant stricture. Tumours in the
middle third tend to be nodular while those in
the lower third tend to be papillary. The
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tumour is usually a well-differentiated mucin-
secreting adenocarcinoma with about half
staining for carcinoembryonic antigen (CEA).

Natural history

Tumours of the upper third can infiltrate the
liver, while those of the lower third can infil-
trate the duodenum and pancreas. Tumours also
spread to the hilar, superior mesenteric and
coeliac lymph nodes. The liver is the most
common site of distant metastases, although
lung and bone may also be involved.

Symptoms

The most common presentation is with
obstructive jaundice, pruritus, dark urine and
pale stools. Recurrent cholangitis from subacute
biliary tract obstruction also occurs.

Signs

The patient will be jaundiced, the gallbladder
may be palpable (positive Courvoisier’s sign)
and the liver congested and therefore smoothly
enlarged.

Differential diagnosis

Other causes of obstructive jaundice include:

gallstones

carcinoma of the head of the pancreas
carcinoma of the ampulla of Vater

benign biliary tract stricture following sur-
gical trauma

sclerosing cholangitis

lymph node metastases at the porta hepatis.

Investigations

Endoscopic retrograde
cholepancreaticogram (ERCP)

This is the investigation of choice as it will
allow an accurate anatomical localization of the
tumour, brushings and biliary aspirates for
cytology, and therapeutic manoeuvres such as
passage of a stent to relieve jaundice.

Percutaneous transhepatic cholangiogram
(PTC)

This is indicated when ERCP has failed to
opacify the biliary tree or adequately display
the tumour owing to its position.

CT scan of the upper abdomen

This will show the degree of local invasion, any
enlarged regional lymph nodes and exclude
liver metastases.

Staging

The TNM staging is used for tumours of the
extrahepatic ducts:

Tis — Carcinoma in situ

TO — No evidence of primary tumour

TX — Primary tumour cannot be assessed

T1 — Tumour invades subepithelial connec-

tive tissue or fibromuscular layer

— Tla - Tumour invades subepithelial con-
nective tissue

— T1b — Tumour invades fibromuscular layer

T2 - Tumour invades perifibromuscular

connective tissue

T3 — Tumour invades adjacent structures:

liver, pancreas, duodenum, gallbladder,

colon, stomach

NX - Regional lymph nodes cannot be

assessed

NO - No regional lymph node metastasis

N1 — Metastasis in cystic duct, perichole-

dochal and/or hilar lymph nodes (i.e. in the

hepatoduodenal ligament)

N2 - Metastasis in peripancreatic (head

only), periduodenal, periportal, coeliac,

and/or superior mesenteric and/or poste-

rior pancreaticoduodenal lymph nodes

MX — Presence of distant metastasis cannot

be assessed

MO - No distant metastasis

MI1 - Distant metastasis.

Treatment

Radical treatment

As this is a very rare tumour, the optimum
management with surgery and/or radiotherapy
is undetermined.



Surgery

This offers the best chance of cure although
only 10-20 per cent will be resectable. The
optimum surgical procedure for carcinoma of
the extrahepatic bile duct will vary according to
its location along the biliary tree, the extent of
hepatic parenchymal involvement, and the
proximity of the tumour to major blood vessels
in this region. Distal tumours are more likely to
be resectable than proximal ones. Tumours of
the lower third require pancreaticoduodenec-
tomy, while those with more proximal lesions
may be carefully staged and selected for hepatic
lobectomy or liver transplantation.

Radiotherapy

This tumour is rarely cured by radiotherapy. The
difficulties of giving high-dose irradiation to this
region are lessened by the use of interstitial
brachytherapy for localized strictures. A nasobil-
iary tube is inserted at ERCP or a percutaneous
tube inserted under ultrasound control, and an
iridium-192 source is passed down this conduit
using either a wire straddling the tumour for 5-7
days or a high-dose rate afterloading technique
fractionated over several treatments. Tumours with
extraductal invasion are best treated with external
beam irradiation and a brachytherapy boost.

Palliative treatment
Surgery

Choledochojejunostomy will relieve obstructive
jaundice in cases not amenable to endoscopic or
percutaneous stenting. Cholecystectomy should
be considered to prevent the possibility of an
acute cholecystitis.

Radiotherapy

This is best reserved for palliating pain from
local infiltration.

Chemotherapy

This can be considered only within clinical trial
protocols. Cisplatin and SFU are the most
active agents tested. Bearing in mind the suc-
cess of chemoradiotherapy at other gastro-
intestinal sites, this is an option that deserves
further study.

Carcinoma of the gallbladder
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Tumour-related complications

These include:

acute cholangitis, which presents with
fever, rigors and right upper abdominal
pain and wusually responds to broad-
spectrum antibiotics

secondary biliary cirrhosis, which is caused
by chronic cholestasis.

Treatment-related complications

Surgery

The bile duct is a delicate structure prone to
stricturing after handling. Biliary fistulae are
also a problem after anastomosis.

Radiotherapy

Insertion of a nasobiliary tube and the iridium
wire carries a high risk of cholangitis. External
beam irradiation carries the same morbidity as
outlined for stomach cancer.

Prognosis

The mean survival in untreated cases is only
3 months. Palliative biliary drainage increases
this to 9 months while radical radiotherapy
gives 2-year survivals of 10-20 per cent.

CARCINOMA OF THE
GALLBLADDER

This is the commonest biliary tract tumour but
a rare tumour in developed countries. Each year
in the UK there are 600 cases of gallbladder
cancer, 400 cases in women and 200 cases in
men, accounting for 0.2 per cent of all cancer
cases and leading to a total of 400 deaths per
annum. In developed countries it has a peak age
incidence of 60-80 years. Aetiological factors
include:

gallstones — 0.5-1 per cent of cholecystec-
tomies performed for cholelithiasis will
yield an occult carcinoma of the gallbladder
typhoid carriage — there is a greatly
increased risk owing to carriage of the
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Salmonella typhi bacterium in the gallblad-
der, which in turn leads to a chronic chole-
cystitis

working in rubber plants

large gallbladder polyps

choledochal cysts and other biliary tract
anatomical anomalies.

Many patients are diagnosed incidentally at
cholecystectomy and are asymptomatic with no
physical signs. Otherwise the presentation
resembles benign gallbladder disease with bouts
of acute cholecystitis or more chronic and less
severe right upper abdominal pain where a
mass could be palpable. Eighty per cent arise at
the fundus or neck of the gallbladder and 90
per cent are adenocarcinomas. The adjacent
liver capsule and parenchyma are involved early
and there can be lymphatic spread to the hilar
nodes around the liver. The liver and lungs
are the most common sites for blood-borne
metastases.

Staging investigations include liver function
tests, chest X-ray, liver ultrasound and a
CT/MRI scan of the upper abdomen.

Treatment comprises cholecystectomy with a
wide excision of the surrounding liver, excision
of the extrahepatic bile duct and regional
lymph node dissection. Low-dose radiotherapy
can be of value in relieving pain from local infil-
tration, and a biliary drainage procedure will
palliate biliary obstruction. In those with super-
ficial involvement of the mucosa, the disease
might be cured with cholecystectomy alone. Of
those with liver involvement, 50 per cent die
within 3 months of diagnosis and less than 5 per
cent survive 1 year. As one would expect for a
rare tumour, chemotherapy and radiotherapy
strategies are far less well developed. 5FU is the
most established agent with activity in this
disease.

CARCINOMA OF THE
COLON AND RECTUM

The colon and rectum are parts of the large
bowel located in the abdomen and pelvis and
are in continuity with each other. The colon

acts as a site of water absorption, turning the
liquid effluent from the small bowel into solid
stool. The more distal rectum acts as a reservoir
for this stool prior to its evacuation through the
anus.

Epidemiology

Each year in the UK there are 36 000 cases of
colorectal cancer, 22 000 cases in men and
16 000 cases in women, making it the third
commonest form of cancer; it accounts for 12.7
per cent of all cancer cases and leads to a total of
16 000 deaths per annum. Colon cancer
accounts for 22 000 of these, with a male to
female ratio of 1:1. Rectal cancer accounts for
14 000 of these, with a male to female ratio of
3:2. The vast majority occur in the over 50 age
group, the peak age incidence being 60-80 years.
There has been a recent trend towards more
right colonic tumours, which could reflect sur-
veillence programmes that have decreased the
incidence of left-sided cancers. Colon cancer is
commonest in social classes I and II. There is no
social class trend for rectal cancer. It is predomi-
nantly a disease of the developed world, being
most common in New Zealand, Canada, USA
and UK while rare in Africa and Asia.

Aetiology

Diet could account for the marked geographical
variation in incidence. This is presumed to be
due to changes in the bowel flora, which pro-
duce carcinogens from ingested food, the effect
being exacerbated by the slower bowel transit
time seen in people taking a low-fibre diet. The
incidence has increased in Japan as a Western
style diet has been adopted, and Japanese
migrants to the West have subsequently
acquired the risk of the indigenous population.
Important dietary factors include:

high meat consumption
high total fat consumption
high calorific intake

high alcohol intake.

Individuals with an affected first-degree rela-
tive have a 2-3 fold increased risk of developing



colorectal cancer themselves, the lifetime risk
rising from 4 to 9 per cent. Cancer develops
around a decade earlier in such individuals. This
risk is higher if the index case is diagnosed at
under 45 years of age. If two first-degree rela-
tives have had the disease, the risk rises 4-5-fold
to 16 per cent.

Hereditary non-polyposis colon cancer
(HNPCC) accounts for 20 per cent of cases and
is synonymous with Lynch syndrome. This is a
dominantly inherited condition, i.e. there is a
50 per cent chance of inheriting the mutated
DNA mismatch repair gene from an affected
parent. Such families often have three or more
cases of colon cancer. Unlike familial adenoma-
tous polyposis (FAP), there are no characteristic
extracolonic physical signs and there is no
propensity to develop a multitude of polyps.
Colon cancer on average develops at 40 years of
age. Cancers other than just colonic ones are
associated. Families can be divided into syn-
dromes I and II. In Lynch syndrome I, the can-
cers are mainly gastrointestinal. In Lynch
syndrome II, endometrial and ovarian cancers
may arise at a young age.

FAP is a rare, dominantly inherited condition,
i.e. there is a 50 per cent chance of inheriting
the mutated APC tumour-suppressor gene
from an affected parent. The APC gene is
located on chromosome 5q21. It has a preva-
lence of 1 in 10 000 births. There are character-
istic physical signs to indicate a gene carrier, e.g.
congenital hypertrophy of the retinal pigment
epithelium (CHRPE), osteomas of the jaw, pre-
puberty epidermoid cysts. Affected individuals
develop multiple (>100) benign polyps from a
very young age (puberty). Inevitably, over the
subsequent years, one or more of these polyps
will transform into a cancer, usually during the
third and fourth decades, 20-30 years before
the general population. The risk for colorectal
cancer is estimated at 90 per cent by age 45
years. Prophylactic surgical excision of the
colon and rectum is advised in young adults.
Upper gastrointestinal malignancy (usually
duodenal) will also develop in 5 per cent and
benign desmoid tumours in 10 per cent. The
latter can arise within the abdomen and may
prove fatal owing to relentless local spread.
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Gardener’s syndrome is similar to familial poly-
posis coli but characterized by skeletal and
cutaneous abnormalities, e.g. osteomas of the
mandible and skull, sebaceous cysts, dermoid
Cysts.

Peutz-Jeghers syndrome is dominantly inher-
ited and caused by a mutation in the STKII
tumour-suppressor gene located on chromosome
19p13. It is characterized by the development of
multiple bowel hamartomas and an increased
risk of colon cancer. The risk for colorectal cancer
is estimated at 40 per cent by age 70 years.

Turcot’s syndrome is associated with the
development of multiple benign adenomas but
to a lesser degree than FAP. It presents during
childhood with brain tumours, usually astrocy-
tomas. Such patients have a high incidence of
leukaemia after radiotherapy. Cowden’s syn-
drome is due to a mutated PTEN gene and is
also an inherited risk factor for colorectal
cancer. Chronic inflammation of the bowel is a
rare cause. In the case of ulcerative colitis, the
increased risk is related to both the extent and
duration of the colitis. Those with disease
extending beyond the splenic flexure and/or of
more than 10 years’ duration are at greatest
risk. Chronic Crohn’s colitis also confers an
increased risk of colorectal cancer. Tobacco
smoking is associated with an increased risk of
polyps and increased rate of recurrence after
excision of polyps. Interestingly, use of hormone
replacement therapy appears protective for
women.

Pathology

One-third arise in the rectum or rectosigmoid,
one-quarter in the sigmoid colon and one-
tenth at the caecum. The rest are evenly distrib-
uted along the large bowel, two-thirds arising
on the left side. Most cancers represent malig-
nant change in a benign adenomatous polyp
(e.g. tubular, tubulovillous and villous), the
highest risk being from villous adenomas, espe-
cially those greater than 2 cm. The tumour may
be nodular, ulcerating or diffusely infiltrating,
and multiple primaries are found in approxi-
mately 5 per cent. The vast majority are adeno-
carcinomas (85 per cent glandular, 15 per cent
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mucinous, 2 per cent signet ring), usually well
differentiated, and may show evidence of a pre-
ceding benign adenomatous polyp. The tumour
cells frequently stain for carcinoembryonic anti-

gen (CEA) and CK20.

Natural history

The tumour spreads longitudinally and circum-
ferentially along the mucosa, in some cases
leading to obstruction of the bowel lumen, and
invades deep to the mucosa to infiltrate the
muscular wall of the bowel and serosa. Penetra-
tion of the serosa leads to direct infiltration of
the surrounding abdominal and pelvic viscera,
while submucosal spread in the lamina propria
can lead to skip lesions well away from the pri-
mary tumour. Tumour cells have a propensity to
seed in abdominal scars, perineal skin (Fig. 9.7),
stomas and even anal fissures. Transcoelomic
spread may lead to diffuse peritoneal involve-
ment resulting in ascites and spread to the
ovaries. The regional (mesenteric) lymph nodes
can be involved, the likelihood of lymph node
metastases increasing with the depth of bowel
wall invasion. The tumour spreads to the liver
(Fig. 9.8) via the portal circulation, and from
there to the lungs, bone, brain and skin. Rectal
cancer has a particular propensity for local
recurrence and often this leads to a presacral
mass (Fig. 9.9).

Symptoms

The tumour most commonly presents with
symptoms referable to the large bowel, 20 per
cent presenting as a surgical emergency with
acute bowel obstruction or peritonitis owing to
perforation. In the remainder there is usually a
history of one or more of the following:

change in bowel habit
blood per rectum
mucus per rectum
tenesmus

obstructive symptoms
iron-deficiency anaemia.

A change in bowel habit is often the present-
ing symptom with an increase or decrease in

Figure 9.7 Perineal spread from rectal cancer.

Figure 9.8 Multiple liver metastases. CT image of the
upper abdomen in a patient with colon cancer showing
multiple, well circumscribed, hypodense lesions in both
lobes of the liver. Note that there is also spread to the
spleen.

Figure 9.9 Presacral recurrence of a rectal cancer.
Transverse pelvic CT image.



frequency of defaecation or a change in stool
consistency. Alternating diarrhoea and constipa-
tion is highly suspicious of cancer. Blood per
rectum is another symptom that leads patients
to seek medical advice. It varies in quantity
depending on degree of tumour ulceration
and/or vascularity. The blood will be bright red
and more likely streaked on the outside of the
stool if the tumour arises in the rectum or sig-
moid, or dark red and mixed in with the stool if
the tumour arises more proximally in the colon.
Mucus per rectum is more likely to be noticed
with distal lesions, particularly those of a muci-
nous variety. Tenesmus is a frequent urge to
defaecate but leading to the passage of a little
stool on each occasion and lack of the feeling of
complete rectal emptying. This is usually seen
in rectal tumours, particularly if bulky or invad-
ing deeply. Obstructive symptoms can manifest
as intermittent colicky abdominal pain. They
are more common in tumours of the descend-
ing colon where the faeces are more solid com-
pared with right colon tumours where the stool
is more liquid. Chronic bleeding leads to iron
deficiency and in turn anaemia. It is a particular
feature of right-sided colonic tumours, which
have few associated gastrointestinal symptoms.

Signs

The primary tumour may be palpable by digital
examination of the rectum as a circumscribed
area of mucosal induration, often with irregular
heaped-up margins and a friable ulcer base,
which bleeds on contact. Proximal tumours
may be palpable in the pouch of Douglas per
vaginam, and caecal tumours by abdominal
examination. Signs indicative of spread outside
the pelvis include:

Troisier’s sign owing to enlargement of Vir-
chow’s lymph node in the left supraclavicu-
lar fossa; this is uncommon at presentation
and heralds a poor outcome from the disease
ascites indicating peritoneal involvement
hepatomegaly suggesting possible liver
metastases.

Rarely, locally advanced disease in the pelvis
can lead to formation of a fistula between the

Carcinoma of the colon and rectum

145

adjacent bladder (colovesical — suggested by
faecal debris in the urine or pneumaturia) or
vagina (colovaginal — suggested by leakage of
faeces per vaginam).

Investigations

Digital examination of the rectum/vagina

This permits evaluation of the site, size and
extent of local invasion of tumours of the
rectum. A normal digital examination does not
exclude the diagnosis of rectal cancer.

Proctoscopy and sigmoidoscopy

This is mandatory for tumours of the distal
25 cm of the large bowel, as it allows an accu-
rate assessment of the tumour size, extent and
distance from the anal verge and permits biopsy
to obtain a tissue diagnosis.

Double contrast barium enema

This is a very sensitive and specific investigation
which can detect tumours 1 cm or more and
should be performed in all cases. It allows rapid
assessment of the large bowel from the rectum
to the caecum and can detect synchronous pri-
maries or benign polyps elsewhere. Circumfer-
ential tumours give rise to a characteristic
‘apple core’ stricture.

Flexible sigmoidoscopy

This visualizes tumours of the distal 50-60 cm
of the large bowel and is better tolerated than
colonoscopy for biopsy of such lesions.

Colonoscopy

This facilitates a detailed survey of the whole
large bowel, is more sensitive than a barium
enema and is useful for biopsy of tumours of
the transverse and ascending colon. It is the best
way of excluding a synchronous primary cancer
or polyp elsewhere in the large bowel.

Computed tomography (CT)

CT of the thorax/abdomen/pelvis is mandatory
to delineate locoregional extent of tumour and
exclude hepatic and/or pulmonary metastases.
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Endorectal ultrasound or magnetic
resonance imaging (MRI)

These are particularly useful for delineating the
extent of a low rectal tumour in relation to the
sphincters (Fig. 9.10) and aid surgical planning.

Staging

The clinicopathological staging according to
Dukes is the best known staging system:

Stage A — Confined to the bowel wall and
has not penetrated its full thickness

Stage B — Tumour has breached the bowel
wall

Stage C - Regional lymph node involve-
ment

Stage D — Distant metastases.

There are a number of variants in clinical use.
An alternative is the TNM system:

Tis — Carcinoma in situ

TO - No evidence of primary

TX — Primary cannot be assessed

T1 - Involving submucosa

T2 - Involving muscularis propria

T3 - Involving subserosa, non-peritoneal-
ized pericolic/perirectal tissues

T4 — Other organs/structures/visceral
peritoneum

NO - No regional lymphadenopathy

N1 - 3 or fewer pericolic/perirectal lymph
nodes

N2 - >3 pericolic/perirectal lymph nodes
N3 - Nodes on named vascular trunk/
apical node(s)

MO - No distant metastases

M1 - Distant metastases.

Management

Radical treatment
Surgery

This is the only curative treatment modality; 80
per cent of all tumours are resectable. Prior to
resection of the primary tumour, a detailed
inspection and palpation of the open abdomen
and pelvis is performed to document the exact

Figure 9.10 Rectal carcinoma. Staging MRiIs. (a)
Transverse view. (b) Coronal view. (c) Sagittal view.



extent of disease, with special reference to the
liver, and suspicious tissues should be biopsied
if not part of the main resection. The ovaries
should be checked in women as they represent
a potential site of spread.

Tumours of the colon are treated by hemi-
colectomy with either immediate reanasto-
mosis (usual) or formation of a temporary
colostomy, which can be closed at a later date.
Some surgeons ligate the vascular pedicle prior
to mobilization of the tumour to try to prevent
vascular dissemination of tumour. Laparo-
scopic-assisted colectomy is associated with
more rapid recovery and reduced hospital stays.

Rectal cancer surgery is difficult and techni-
cally challenging owing to the relative inaccessi-
bility of the rectum. The usual operation is an
anterior resection. This can be associated with a
high risk of local recurrence of up to 30 per
cent in some series, mainly owing to the prob-
lems involved in balancing morbidity from sur-
gery against the need to attain an adequate cuff
of normal tissue around the tumour-bearing
tissue, and to some extent variations in surgical
skill. In recent years, there has been much inter-
est in the total mesorectal excision (TME). This
involves a meticulous circumferential surgical
excision down the avascular plane between the
mesorectum and the pelvic side wall. In those
patients where a clear circumferential resection
margin (CRM) is attained following TME, the
risk of local recurrence is far lower than when
the CRM is involved:

Dukes B CRM - : <5 per cent local recur-
rence at 5 years
Dukes B CRM + : 60 per cent local recur-
rence at 5 years
Dukes C CRM - : 25 per cent local recur-
rence at 5 years
Dukes C CRM + : 85 per cent local recur-
rence at 5 years.

Abdominoperineal  resection may be
required for the lowest rectal tumours, but in
many cases can be avoided with current surgical
techniques. In each case, the mesentery contain-
ing the regional lymph nodes is also resected.

Advances in laparoscopic techniques and
robotic surgery have made such refinements
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available to patients with colorectal cancer.
Although more costly with prolonged operating
times, they offer the advantage of less perioper-
ative blood loss, reduced postoperative pain and
ileus, and more rapid postoperative recovery
times. The long-term surgical oncology out-
comes are awaited.

Radiotherapy

Radiotherapy has little role in the curative
treatment of colon cancer. This is due to:

local recurrence not being a major cause of
relapse

the difficulty in accurately determining the
volume to be irradiated

the proximity of a number of organs at risk
limits the dose of radiation that can be
delivered.

Conversely, rectal cancer has a higher risk of
recurrence owing to the technical difficulties
and anatomical challenges faced by the surgeon.
The volume to be irradiated is also far easier to
define and there are fewer dose limiting organs
at risk in the lower pelvis.

Preoperative radiotherapy might be of use in
rectal cancer for converting an inoperable or
partly fixed tumour to one that is operable, and
thereby offer a chance of a curative approach to
treatment. Despite the use of only moderate
doses of radiation (e.g. 25 Gy in 5 fractions on
consecutive days), and surgery within a short
time after completing radiotherapy, there is a
surprisingly large reduction in the odds of
recurrence of rectal cancer (approximately 60
per cent), reducing the absolute risk of recur-
rence from 20 per cent down to less than 10 per
cent. A meta-analysis of individual studies sug-
gests a significant survival advantage with a
reduction in the odds of dying of rectal cancer
of approximately 20 per cent, equivalent
approximately to 7 per cent in absolute survival
benefit. Preoperative short course radiotherapy
is thus considered by many to be the standard
of care for all stages of disease. However, some
of this benefit is offset by an increase in
mortality from non-cancer causes within 1 year
of receiving radiotherapy. It should also be
noted that many of the trials of preoperative
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radiotherapy were conducted in an era before
TME surgery was widely performed.

Postoperative radiotherapy to the region of
the primary tumour decreases the odds of local
recurrence in carcinoma of the rectum by
approximately 40 per cent, reducing the
absolute risk of recurrence by 5 per cent from
15-20 per cent to 10-15 per cent. There is,
however, in contrast to preoperative radiother-
apy, no statistically significant benefit in terms
of a survival advantage. In practice, postopera-
tive radiotherapy is reserved for those deemed
to be at high risk for local recurrence e.g. T4
cancers with invasion of adjacent pelvic viscera,
involved CRM. Evidence is emerging that syn-
chronous chemoradiotherapy (CRT) may be of
value in high-risk rectal cancers. Typically,
radiotherapy is used synchronously with 5FU,
applying a dose reduction during radiotherapy
to limit additive toxicity.

Radiation given with curative intent in inop-
erable cases is limited by the close proximity to
radiosensitive normal tissues, which makes it
very difficult to give a tumoricidal dose and the
fact that colorectal cancer is not particularly
radiosensitive. There is also a high incidence of
occult metastases in this group, which limits the
treatment outcome.

Chemotherapy

Despite an 80 per cent resection rate, almost
half Dukes C stage patients will have a relapse
of their disease in the liver, usually within 2
years of surgery. Much effort has therefore been
put into assessing the role of adjuvant
chemotherapy to eradicate the micrometastases
shed from the tumour prior to or during its
resection. Chemotherapy has a role in the adju-
vant therapy of both colonic and rectal cancers.

Historically, the most utilized chemotherapy
agent in colorectal cancer is SFU with response
rates of 15-25 per cent in metastatic disease.
Improved response rates can be seen when 5FU
is ‘modulated’ by combining it with calcium
leucovorin (folinic acid) which enhances the
inhibition of the enzyme thymidylate syn-
thetase required by the cancer cells to produce
DNA. 5FU has therefore formed the backbone

of adjuvant chemotherapy in the modern era.
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Patients who have had surgery for Dukes C
tumours benefit from 6 months’ adjuvant ther-
apy with 5FU/folinic acid chemotherapy. This
strategy will yield an absolute reduction in mor-
tality of approximately 6 per cent at 5 years.
The issue of adjuvant chemotherapy for Dukes
B disease is less clear. There is a significant sur-
vival benefit for Dukes B patients but it is
smaller in magnitude than for Dukes C patients,
perhaps amounting to a 2-3 per cent absolute
survival benefit at 5 years. It is likely that recent
trials have been underpowered to detect such
an advantage owing to the small numbers of
Dukes B patients included in clinical trials. It is
standard practice to offer adjuvant chemother-
apy to patients with Dukes C tumours and
those with selected (higher risk) Dukes B
tumours, e.g. those with T4 cancers, presenta-
tion with obstruction or perforation, venous
invasion, inadequate lymph node sampling.

Bolus 5FU and folinic acid is a simple regime.
Delivered weekly or 4 weekly for 6 months, it
produces relatively little toxicity. The main
side-effects are stomatitis, diarrhoea and myelo-
suppression. There is no evidence that high-
dose folinic acid confers any advantage over a
low dose, which is far more cost-effective. It is
now common practice for capecitabine
(Xeloda®) to be used as a substitute for SFU, as
it is orally administered thus lessening the
burden on the patient as well as the oncology
chemotherapy administration clinic. Cape-
citabine is at least as effective as 5FU/folinic
acid with lower frequencies of alopecia, severe
mucositis and neutropenia. In recent years,
oxaliplatin (Eloxatin®) has been combined
with 5FU/folinic acid at a dose of 85 mg/m?
delivered every 2 weeks for 6 months as stan-
dard adjuvant therapy, as combination therapy
has been shown to decrease the relapse rate,
although the data are too immature to show a
significant overall survival advantage. Peripheral
neuropathy is the most siginificant toxicity.

Palliative treatment

Meta-analysis of the randomized trials address-
ing active treatment versus best supportive care
shows an unequivocal advantage to a pro-active
approach. Active treatment yields a 35 per cent



mortality reduction, equivalent to a 16 per cent
1-year absolute improvement in survival, and
improvement in median survival from 8
months for best supportive care to 12 months
for active treatment. These benefits are inde-
pendent of the age of the patient.

Surgery

If the tumour is inoperable, a bypass procedure
or defunctioning colostomy may be of value in
alleviating symptoms. In the case of those with
liver metastases, it is well worth undertaking
further investigations to assess the patient with
respect to their suitability for partial hepatic
resection. A CT or preferably PET scan should
be undertaken to exclude local recurrence at
the site of the original primary tumour and
extrahepatic disease. The hepatic disease can be
assessed by MRI and MR angiography. Preoper-
ative laparoscopy will define a small group who
will be inoperable owing to peritoneal dissemi-
nation not visualized by imaging. In those with
inoperable isolated liver relapse, effort should
be directed to downstaging hepatic metastatic
disease with chemotherapy to make it poten-
tially operable. Of those selected individuals
undergoing potentially curative excisions of all
tumour-bearing liver, approximately one in
three will survive 5 years and one in four will
survive 10 years. This contrasts with a 5-year
survival of not more than 5 per cent for inoper-
able cases.

Radiotherapy

This is of benefit in inoperable disease, local
recurrence after surgery and symptomatic
metastases. It is very effective in relieving bleed-
ing, mucorrhoea and local pain, with response
rates of about 75 per cent. Symptomatic pre-
sacral recurrence is a particular problem after
surgery and can be helped greatly by radiother-
apy. In an era where more patients will have
received preoperative radiotherapy, re-treat-
ment of the pelvis poses a dilemma for the
oncologist.

Chemotherapy

Those developing metastatic disease are best
treated actively. Comparisons of best support-
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ive care versus immediate 5SFU chemotherapy
indicate a doubling in survival for the more
proactive approach.

For the palliation of metastatic disease, PVI
5FU produces superior response rates to bolus
doses (23 versus 11 per cent). Addition of leu-
covorin to bolus 5FU also improves the
response rate (23 versus 13 per cent). Addition
of mitomycin C delivered 6 weekly also
improves response rates of PVI 5FU. Another
strategy is to ‘chronomodulate’ 5FU to exploit
circadian variations in its metabolism. This
entails infusing SFU for 12 hours overnight.
Meta-analysis of trials of hepatic arterial infu-
sion (HAI) of 5FU versus bolus 5FU delivered
into a peripheral vein indicates superior
response rates for HAI (42 versus 14 per cent).

Despite these many strategies, one of the
most favoured is the de Gramont regimen,
which is a hybrid of infused and bolus 5FU with
high-dose folinic acid modulation, combining
all of these approaches and highly active in
metastatic disease:

200 mg/m? folinic acid as a 2-hour infusion
on days 1 and 2

5FU 400 mg/m? as i.v. bolus on days 1 and 2
5FU infusion 600 mg/m? over 22 hours on
days 1 and 2

repeated every 2 weeks.

Irinotecan (CPT 11) is an active agent and is
combined with 5FU/folinic acid for the first-
line treatment of metastatic colorectal cancer.
It is also used as monotherapy for metastatic
disease that has been proven to be refractory to
SFU. The recommended dose of irinotecan for
first-line combination therapy is 180 mg/m?
given once every 2 weeks as an intravenous
infusion, administered over 30-90 minutes and
followed by an infusion of SFU/FA. For
second-line monotherapy, the recommended
dose is 350 mg/m? given every 3 weeks, admin-
istered over 30-90 minutes. The main toxici-
ties are acute cholinergic symptoms, diarrhoea,
alopecia and myelosuppression. The addition
of irinotecan to SFU increases response rates by
about 20 per cent and improves median overall
survival by 2-3 months compared with 5FU
alone.
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Oxaliplatin is a water-soluble platinum deriv-
itive that prevents DNA replication, and hence
cell division, by cross-linking DNA. It is highly
active in colorectal cancer. The recommended
dose for oxaliplatin is 85 mg/m? when given in
combination with SFU/FA. It is administered as
an intravenous infusion over 2-6 hours every
2 weeks and followed by an infusion of
S5FU/FA. Prime toxicities are peripheral neuro-
pathy and myelosuppression, with fewer gastro-
intestinal side-effects than with irinotecan. The
addition of oxaliplatin to 5FU increases
response rates by about 30 per cent and
improves median progression-free survival by
3 months compared with 5FU alone. Unlike the
irinotecan experience, no overall survival
advantage is gained with this approach.

Studies comparing these two combination
regimens and their sequencing show little
advantage with median survival consistently
around 15 months. However, there is some evi-
dence to suggest that the higher response rates
from oxaliplatin/5FU may be more useful in
downstaging hepatic disease to render it
resectable.

Capecitabine is an oral formulation of a 5FU-
like prodrug that is converted into the active
cytotoxic agent by an enzyme (thymidine phos-
phorylase — TP) found at high concentration
within malignant cells. It is given at a dose of
2500 mg/m? daily in two divided doses for 14
days followed by a 1-week period of rest before
the next cycle begins. Apart from some poten-
tial therapeutic gain in sparing normal cells and
being preferentially activated within tumour
tissue, it has the convenience of being easy to
administer. Preliminary data suggest superiority
with standard SFU (26 per cent response rate
versus 17 per cent for SFU) with lower rates of
stomatitis and myelosuppression, the latter in
turn leading to lower rates of neutropenic fever
and sepsis. Capecitabine has therefore super-
seded 5FU in many centres.

Biological therapy

Cetuximab (Erbitux®) is a monoclonal anti-
body. It inhibits the epidermal growth factor
receptor (EGFR) which is often overexpressed
in colorectal cancer. The commonest side-effect

is an acne-like rash. Cetuximab is given alone or
in combination with irinotecan, although the
response rate is doubled (to nearly 25 per cent,
with a 2-month prolongation in median sur-
vival) with combination treatment even in those
shown previously to be resistant to irinotecan.
K-ras is involved in signal transduction ‘down-
stream’ from EGFR. Testing for mutations of the
K-ras oncogene can be undertaken on tissue
from diagnostic biopsy or definitive surgical
specimen and this may predict those patients
unlikely to respond to cetuximab.

Bevacizumab (Avastin®) is an inhibitor of
vascular endothelial growth factor (VEGF),
which is involved in tumour angiogenesis.
When added to chemotherapy using leucovorin-
modulated 5FU and irinotecan, it leads to
improvements in duration of response,
progression-free survival and a 4-5 month
prolongation of median overall survival. Care
has to be taken to avoid using bevacizumab in
the immediate period after major surgery as
it can lead to haemorrhage and bowel
perforation.

Prognosis

Dukes staging and operability are the most
important prognostic factors. The 5-year sur-
vivals are 90 per cent, 70 per cent and 40 per
cent for Dukes A B and C tumours, respectively.

Unfavourable  histopathological  features
include:

increasing anatomical extent of tumour —
depth of local invasion, lymph gland
involvement (increasing number and proxi-
mal location are poor features) and distant
metastases

incomplete surgical excision of tumour, e.g.
circumferential resection margin (CRM)
positivity following total mesorectal exci-
sion (TME)

infiltrative tumour margins rather than
expansile

no peritumoural lymphoid reaction at
deepest point of invasion and absence of
lymphoid aggregates in the surrounding
tissue



CASE HISTORY

A 60-year-old man presents to his GP with a
6-week history of intermittent bright red
blood per rectum noticed as smearing on the
lavatory paper associated with some perianal
irritation. His bowels are regular and he has
no other symptoms of note. Visual inspection
of the anal orifice shows a prolapsed haemor-
rhoid and digital examination of the rectum is
declined as he has had similar symptoms over
the preceding 5 years. A diagnosis of haemor-
rhoids is made and the symptoms settle by the
time he returns for a prescription of antihy-
pertensive medicines 2 weeks later.

Eight weeks later, he returns with a 4-week
history of more frequent and profuse passage of
fresh blood per rectum. This is associated with
mucoid discharge per rectum and a feeling of
incomplete rectal evacuation. Rectal examina-
tion is strongly suggested and this reveals an
ulcerating tumour of the mid-rectum. He is
referred to a colorectal surgeon for further
investigation. Digital examination confirms a
tumour distinct from the prostate with an
impression of tethering laterally. Rigid sigmoid-
oscopy shows no other mucosal abnormality
and biopsies confirm a moderately differenti-
ated adenocarcinoma. Barium enema confirms
no other mucosal abnormality elsewhere in the
large bowel. Chest X-ray is normal. CT scan of
the abdomen and pelvis shows no evidence of
liver metastases, no pelvic lymphadenopathy
and no evidence of direct invasion of the adja-
cent pelvic viscera. The serum CEA is twice the
upper limit of normal (normal range <4 pg/L)
and the liver function tests normal. After dis-
cussion at the multidisciplinary team meeting,

increasing tumour grade (decreasing differ-
entiation)

venous invasion

lymphatic invasion

perineural invasion

signet-ring and small cell types
preoperative CEA >5 mg/L.
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he is referred to a clinical oncologist and
receives five fractions of preoperative radiother-
apy using fields encompassing the rectum and
immediate lymphatic drainage. One week later,
he undergoes a total mesorectal excision with
immediate re-anastomosis. Histopathological
review confirms a moderate/poorly differenti-
ated adenocarcinoma, which penetrates
through the full thickness of the rectal wall but
has a clear circumferential resection margin and
clear margins of excision proximally and dis-
tally. There is no involvement of the perirectal
or other pelvic lymph nodes but prominent
venous invasion is noted. The CEA returns to
normal during the immediate postoperative
period. His tumour is therefore designated as
Dukes B and he receives 6 months of adjuvant
5-FU/folinic acid chemotherapy because of the
vascular invasion and poorly differentiated ele-
ments of the tumour.

He remains entirely well on routine follow-
up until 18 months later when a routine pre-
clinic CEA estimation is found to be 12 times
the upper limit of normal at 48 pg/L. There
are no adverse physical signs. This triggers re-
staging investigations. CT reveals two metas-
tases in the left lobe of the liver and no
evidence of locoregional recurrence of the
original primary tumour. The chest is clear.
There is no radiological abnormality else-
where. MRI of the liver confirms a smaller
third metastasis in the left lobe close to the
other two and no involvement of the major
hepatic vessels. He is referred to a hepatobil-
iary surgeon and is deemed medically fit for
salvage surgery. A segmental resection of the
left lobe of the liver is performed. The CEA
returns to normal postoperatively. He remains
well and disease-free 4 years later.

Screening

For asymptomatic individuals, screening was
previously thought to be expensive and unre-
warding. However, it does allow diagnosis of
colorectal cancer at an early stage, as evidenced
by an increase in the proportion of Dukes A and
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B tumours in the screened population. This in
turn leads to an apparent survival advantage for
the screened population.

Digital rectal examination (DRE) is cheap
and simple to apply to a population. However,
it is only going to screen the most distal large
bowel. It has not been shown to be an effective
screening strategy.

The most cost-effective and socially accept-
able method of screening is faecal occult blood
testing (FOBT). A tiny sample of stool is
obtained non-invasively and chemically tested
for the presence of blood. The specimen collec-
tion can be undertaken in the patient’s own
home and can be mailed back to the laboratory;
95 per cent will be negative at the first screen,
whilst 3-4 per cent will be weakly positive.
Most of these will re-test as negative after
dietary restriction (no vitamin C, no iron sup-
plements, no NSAIDs, no red meat, no fresh
fruit). This leaves approximately 2 per cent
with a positive FOBT who will require further
investigation (e.g.  colonoscopy,  sigmoi-
doscopy/double contrast barium enema): less
than 10 per cent of these individuals will be
found to have a bowel cancer. As with any
screening method, a very small proportion of
patients will have a false negative result. It is
estimated that FOBT screening reduces mortal-
ity from colorectal cancer by 15-30 per cent, a
figure comparable to that attributed to mam-
mographic screening for breast cancer. Specific
gene mutations associated with polyps and
cancer might be detected in cellular material
shed into the stool and provide a complemen-
tary screening tool to FOBT in the future.

Double-contrast barium enema can be used
for screening but is inferior to direct visualiza-
tion of the bowel mucosa, which allows detec-
tion of flat, premalignant lesions and direct
sampling of equivocal areas. High-risk groups
require regular colonoscopy, in particular those
with strong family histories of colon cancer or a
long-standing history of extensive ulcerative
colitis.

Recent advances in computed tomography
have led to the concept of virtual colonoscopy
whereby the large bowel can be reconstructed
in three dimensions from a single high-resolution

abdominopelvic scan. It is less invasive and aes-
thetically more acceptable but its sensitivity
and specificity compared with traditional
colonoscopy is yet to be defined.

Prevention

Dietary interventions such as increasing fibre
and reducing consumption of meat and animal
fats can be a useful strategy. There is evidence
that non-steroidal anti-inflammatory drugs (e.g.
sulindac) and COX-2 inhibitors (e.g. celecoxib,
rofecoxib) reduce the odds of developing colo-
rectal cancer by approximately half, particularly
in women. Such drugs can lead to regression of
adenomata in those with FAP. Hormone
replacement therapy lessens the incidence of
colorectal cancer by 20-30 per cent for post-
menopausal women as one of its incidental
advantages. Prompt diagnosis and excision of
large bowel benign polyps, particularly villous
adenomata, will prevent subsequent transfor-
mation into a cancer. In those with FAP, Lynch
syndrome with proven large bowel polyposis
and selected cases of chronic, extensive ulcera-
tive colitis, risk-reducing colectomy is a very
worthwhile strategy.

CARCINOMA OF THE
ANUS

Epidemiology

This is a rare tumour. For example, in England
and Wales, there are only 300 new cases and
200 deaths registered per annum. It comprises
about 4 per cent of large bowel tumours with a
peak incidence at 50-70 years and a slight
female predominance overall. Anal margin
tumours are more common in men, whilst anal
canal tumours are more common in women.

Aetiology

Homosexual activity, in particular anoreceptive
intercourse, is associated with anal cancer, and
there is evidence that this is due to transmission
of the human papilloma virus types 16 and 18,



50 per cent of cancer sufferers testing positive
for these, which is analogous to carcinoma of
the cervix. There is also evidence among atten-
ders at sexually transmitted disease (STD) clin-
ics that up to 60 per cent of homosexuals will
have asymptomatic anal intraepithelial neopla-
sia (AIN), which is comparable to cervical
intraepithelial neoplasia (CIN).

Pathology

The tumour can arise from skin at the anal
margin or from the anal canal, appearing as a
nodule, polyp or ulcer with everted edges; 90 per
cent are squamous carcinomas, most of the
remainder adenocarcinomas arising from mucous
glands. Anal margin tumours are well differenti-
ated as they are akin to squamous carcinomas of
the skin, whereas 75 per cent of anal canal
tumours are poorly differentiated. There may be
in situ carcinoma in the surrounding epithelium.

Natural history

The tumour will spread circumferentially and
longitudinally within the anus and can invade
the lower rectum or perianal skin. Deeper infil-
tration leads to involvement of the sphincters,
ischiorectal fossae, vagina and urethra. Lym-
phatic spread occurs in 10 per cent and is more
common with anal canal tumours. The first sta-
tion lymph nodes are the inguinal groups, from
which there can be spread to the iliac nodes.
Involvement of the distal rectum can lead to
infiltration of the inferior mesenteric nodes.
Haematogenous spread is very uncommon at
presentation. Sites of distant metastases include
the liver, lungs and skeleton.

Symptoms

Patients present with anal symptoms such as:

discharge
irritation/discomfort
bleeding

tenesmus.

Minor symptoms are frequently neglected by
both patients and physicians alike as they
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resemble those from haemorrhoids, which are
far more prevalent.

Signs

Tumours of the anal verge or most distal part
of the anal canal should be easily seen on part-
ing the buttocks (Fig. 9.11). The tumour
should be palpable as an indurated ulcer or
nodule on digital examination. Enlarged
inguinal nodes should be sought, although a
proportion of enlarged nodes will be secondary
to infection.

Differential diagnosis

This includes:

genital warts — these may be confused with
a papilliform, well-differentiated carcinoma
Crohn'’s disease of the anus

syphilis

basal cell carcinoma/melanoma.

Investigations

Proctoscopy

This is an essential investigation, allowing direct
visualization and biopsy of the tumour, and
complements the findings of a digital rectal
examination.

Examination under anaesthetic (EUA)

This is the best staging investigation in an anx-
ious or uncooperative patient. In a woman, a
full bimanual examination is mandatory to
assess the extent of local spread. An EUA will
also allow the taking of a generous biopsy with
minimal distress and discomfort.

Fine needle aspiration (FNA) of any enlarged
inguinal lymph nodes

This will help to distinguish reactive lymph
nodes from malignant ones, which is important
in planning treatment.

Chest X-ray

This should be performed to exclude lung
metastases.
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Figure 9.11 Anal margin carcinoma. Papilliform tumour arising from skin at anal verge. (a) Distant view. (b) Close view
with buttocks parted.

Computed tomography (CT) of the pelvis

This allows an assessment of the degree of deep
invasion of the tumour and is of value in
excluding impalpable pelvic lymphadenopathy
when the inguinal nodes are involved. It also
surveys the liver.

Endo-anal ultrasound/magnetic resonance
imaging

This can offer more precise information regard-
ing the local extent of the tumour.

Staging

The TNM staging system is used:

Tis — Carcinoma in situ
TO — No evidence of primary tumour

TX - Primary tumour cannot be assessed
Tl - Tumour 2cm or less in greatest
dimension

T2 — Tumour more than 2 cm but not more
than 5 cm in greatest dimension

T3 — Tumour more than 5cm in greatest
dimension

T4 — Tumour of any size that invades adja-
cent organ(s), e.g. vagina, urethra, bladder
(involvement of the sphincter muscle(s)
alone is not classified as T4)

NX - Regional lymph nodes cannot be
assessed

NO - No regional lymph node metastasis
N1 — Metastasis in perirectal lymph node(s)
N2 - Metastasis in unilateral internal iliac
and/or inguinal lymph node(s)

N3 — Metastasis in perirectal and inguinal
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lymph nodes and/or bilateral internal iliac
and/or inguinal lymph nodes

MX - Distant metastasis cannot be assessed
MO - No distant metastasis

M1 - Distant metastasis.

Treatment

Radical treatment
Surgery

Anal margin tumours can be treated by sphincter-
sparing wide local excision alone, with more
extensive surgery reserved for salvage of local
relapse. In anal canal tumours, an abdominoper-
ineal resection (APR) is necessary, which will
result in the patient having a permanent
colostomy. Preoperative counselling by a
stomatherapist should be arranged in all
patients in whom an APR is planned. Patients
with cytologically positive inguinal nodes
should undergo a block dissection of the groins.

Chemoradiotherapy (CRT)

Non-surgical treatment has the advantage of
allowing sphincter preservation. Most local
recurrences occur within 1 year of completing
treatment and can still be salvaged by an APR.
Radiotherapy alone is associated with a 60 per
cent local recurrence rate, compared with 40
per cent for CRT. CRT has therefore become
the standard of care for this disease. With CRT,
SFU is delivered continuously during the first
and fifth weeks of radiotherapy with bolus mit-
omycin C on the first day of radiotherapy.
Radiotherapy is delivered to the pelvis and
inguinal nodes bilaterally, typically at a dose of
45 Gy in 25 fractions over 5 weeks. This is fol-
lowed, after a short break, by a boost dose of
15-20 Gy to the anal tumour alone, either by
external beam radiation over 1.5 weeks or by
interstitial brachytherapy (Fig. 9.12). A poor
objective response after the initial phase of
CRT is an indication to proceed immediately to
APR. CRT is associated with an increased sever-
ity of acute treatment reactions, particularly
with respect to perineal skin reactions and diar-
rhoea. Five-year survival is approximately 60
per cent.

Figure 9.12 Brachytherapy. Implant of small bore tubes
around the anal canal, which will be loaded with
radioactive iridium wire.

Palliative treatment
Surgery

In the exceptional case of a very advanced inop-
erable tumour leading to anal occlusion, a
defunctioning colostomy may be justified.

Radiotherapy

Pelvic/perineal radiotherapy can be used to pal-
liate symptomatic local recurrence after radical
surgery.

Tumour-related complications

An advanced tumour can lead to an aberrant
connection between the anal canal and the per-
ineum, vagina or urethra leading to faecal incon-
tinence. The ischiorectal fossae are anatomically
close to the anus and particularly prone to sec-
ondary infection and abscess formation.
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Treatment-related complications

Screening/prevention

Radiotherapy

The perianal region does not tolerate radiother-
apy well as the skin is constantly subjected to
friction when sitting or walking, trauma when
patients are having to defaecate frequently,
moisture owing to sweating and perhaps dis-
charge from the anus. During radiotherapy the
patient can be expected to experience diar-
rhoea, tenesmus and perianal irritation/sore-
ness. These symptoms will begin 1-2 weeks
after starting radiotherapy and persist for 4-8
weeks after it has finished. In the longer term,
chronic proctocolitis might manifest as diar-
rhoea, tenesmus, bleeding and mucus per
rectum, which can be treated conservatively
with topical steroids. Small bowel stricture,
intestinal obstruction and bladder contracture
occur in 10-20 per cent of cases. Infertility is
inevitable for both males and females. High
doses of radiation to the groins can lead to
occlusion of the lymphatics, then leading to
chronic lymphoedema best managed with pres-
sure garments.

Surgery

The main morbidity in the short term is from
dehiscence of the perineal wound and pelvic
infection. Extensive pelvic surgery such as an
abdominoperineal resection might damage
autonomic nerves leading to urinary inconti-
nence and impotence in men. The psychosex-
ual trauma and effect on body image can be
considerable.

Chemotherapy

Apart from the usual complications from these
chemotherapy drugs, CRT leads to severe gas-
trointestinal toxicity causing anorexia, nausea,
vomiting, diarrhoea and intense cutaneous
inflammation.

Prognosis

The overall 5-year survival is 70 per cent.
Adverse features include anal canal versus
margin tumours, increasing TNM stage at pres-
entation, and poorly differentiated tumours.

The high incidence of anal intraepithelial neo-
plasia in STD clinics can make screening a
worthwhile exercise in this small group, partic-
ularly in male homosexuals. Health education
could lead to earlier diagnosis. ‘Safe sex’ prac-
tices amongst homosexual males might also
help prevent human papilloma virus transmis-
sion. A greater awareness of the disease could
lead to earlier diagnosis rather than ad hoc pre-
scription or purchase of proprietary haemor-
rhoid remedies.

TUMOURS OF THE
PERITONEUM

The commonest presentation is with ascites
where there is an abnormal accumulation of
peritoneal fluid leading to abdominal discomfort
and distension. As the peritoneum invests the
gastrointestinal tract, abnormal areas of constric-
tion of the bowel can lead to symptoms and
signs of subacute or acute bowel obstruction.
The peritoneum is most frequently a site of
transcoelomic spread from abdominal or pelvic
malignancies. Occasionally, extra-abdominal

Figure 9.13 Pseudomyxoma peritonei. The CT image
shows the abdomen is filled with mucoid material.
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malignant tumours will spread to the peri-
toneum, e.g. lobular breast cancer or lung
cancer.

Primary peritoneal mesothelioma is well
described and has many features in common
with pleural mesothelioma (see Chapter 7).
Pseudomyxoma peritoneii is a rare, low-grade
malignant condition, which may have a very
protracted natural history (Fig. 9.13). It is char-
acterized by the accumulation of large amounts
of intra-abdominal mucin, often originating
from a low-grade tumour of the appendix,
ovary or pancreas. Both conditions are poten-
tially treatable by cytoreductive radical peri-
tonectomy (Sugarbaker procedure) and heated
intraoperative intraperitoneal chemotherapy.
The surgery is radical, involving:

removal of the right hemicolon, spleen,
gallbladder, greater omentum and lesser

omentum

stripping of peritoneum from pelvis and
diaphragm

hepatic capsulectomy

hysterectomy and bilateral salpingo-

oophorectomy in women

Not surprisingly, the procedure is associated
with high morbidity and mortality. However,
comparative studies suggest that it can increase
median survival if performed well.

removal of rectum in selected cases.
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SELF-ASSESSMENT QUESTIONS

1. Which three of the following statements

are true about oesophageal cancer?

a. Is rare in Africa

b. A family history is common

c. Tumours of the upper third are
commoner in women

. May be caused by chronic acid reflux
There is no association with smoking
tobacco
May be associated with asbestos
exposure

g. May be caused by excessive alcohol

consumption

o o
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2. Which one of the following is not a

presenting feature of oesophageal cancer?
a. Dysphagia

b. Acid reflux

c. Regurgitation of food

d. Weight loss

e. Pulmonary aspiration

3. Which three of the following statements

are true for oesophageal cancer?
a. Radiotherapy alone cures >10 per cent
of cases

b. Surgery offers the best chance of cure

c. Upper third cancers are best treated by
radiotherapy

. Distant spread to the liver is rare
Cisplatin is a useful drug
Docetaxel is a drug of choice for
metastatic disease

g. Cetuximab is a useful treatment

oo

4. Which three of the following statements

are true for stomach cancer?

a. It is commoner in lower socioeconomic
groups

b. It is three times commoner in males
than females

c. Often presents with abdominal pain

d. Spread outside the stomach is common

e. May be associated with non-malignant
skin eruptions

f. Docetaxel is a drug of choice for
metastatic disease
g. Cetuximab is a useful treatment

5. Which one of the following is not true

about gastrointestinal stromal tumours?

a. They are rare tumours

b. Commoner in older age groups

c. A specific cytogenetic abnormality is
characteristic

d. Chemotherapy is an effective treatment

e. They are amenable to treatment with
immunotherapy

6. Which three of the following statements

are true about pancreatic cancer?

a. Commonest in 40-60 age group

b. A family history is common

c. Mainly arises from the ducts of the
gland

d. Most cases are caused by gallstones

e. Commonly presents with obstructive
jaundice

f. CA125 is a useful serum tumour
marker protein

g. CEA is a useful serum tumour marker
protein

7. Which one of the following is true about

the treatment of pancreatic cancer?

a. Surgery offers the best chance of cure

b. 10-20 per cent will be long-term
survivors

c. Chemotherapy has no role in the
management of early pancreatic cancer

d. 5FU is the most active chemotherapy
agent

e. Tamoxifen is a useful treatment

8. Which three of the following statements

are true about hepatocellular carcinoma?

a. It is common in Africa

b. Has a viral aetiology in some cases

c. Human chorionic gonadotrophin is a
useful serum tumour marker
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