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Cancer is a generic term for a group of over
100 diseases that can affect any anatomic site. It
is a leading cause of death with approximately
8 million people expected to die of cancer this year
worldwide. Assessment of the burden of cancer is
required to develop a comprehensive cancer control
plan. Cancer surveillance requires the knowledge
of the type of cancer, which is classified by site
according to the international classification of diseases
and the histological classification. In addition, the
anatomic extent of cancer is recorded according to
the UICC/AJCC TNM Classification of Malignant
Tumours. These essential elements permit tracking
of the incidence and mortality from cancer and
assessment of the impact of cancer control measures
including prevention, screening, early detection and
treatment. Assessment of disease extent, that is,
staging of cancer, is therefore one of the fundamental
activities in oncology. Knowledge of the anatomic
extent of disease is essential to characterise cancer
prior to treatment [1,2].

The key pieces of information needed for the
management and reporting of results in patients with
cancer, site of origin, histologic type, and anatomic
extent of disease are classified and coded according to
the International Classification of Diseases for Oncol-
ogy (ICD-10 and ICD-O) for the primary site and the
World Health Organization Histological Classification
of Tumours [3] that provides definitions, nomenclature
and classification of tumour types. Assessment of
the anatomic extent of disease at diagnosis — or
cancer stage — is classified by the TNM staging
classification [2,4,5].

The TNM classification is the worldwide bench-
mark for reporting the extent of malignant disease,
and is both the main determinant influencing the
choice of treatment and the most important prognostic
factor in predicting the outcome of patients with
cancer [1,6]. The definition of cancer staging provided
in Wikipedia®, a multilingual, Web-based, free-content
encyclopedia project is [7]: ... The stage of a cancer

is a descriptor (usually numbers I to 1IV) of how
much the cancer has spread. The stage often takes
into account the size of a tumor, how deep it has
penetrated, whether it has invaded adjacent organs,
if and how many lymph nodes it has metastasized to,
and whether it has spread to distant organs. Staging of
cancer is important because the stage at diagnosis is
the most powerful predictor of survival, and treatments
are often changed based on the stage ... "

The TNM classification [8,9] provides for the
description of the primary tumour (T), spread to
the regional lymph nodes (N), and distant metastasis
(M). The combination of the T, N, and M categories
results in grouping into stages: I, II, III, or IV.
This system for classifying anatomic extent of cancer
has existed for more than 50 years [4,10]. With
time and sequential editions, the TNM classification
has evolved to accommodate new knowledge and
management developments [1,6,11,12]. The current
(sixth) edition [8] was published in 2002. The formal
development of a systematic classification of the
anatomic extent of disease using the TNM system is
attributed to Pierre Denoix and the International Union
Against Cancer (UICC) through its TNM Project [10].
In 1959, the American Joint Committee on Cancer
(AJCC) began publishing separate definitions of the
TNM categories for various sites, using the histopatho-
logic extent of disease as the basis for classification.
In 1987, under the leadership of Beahrs, Baker, and
Hutter from AJCC and Sobin and Hermanek from the
UICC, both TNM classifications [8,13] were unified,
and at present are identical.

The aims of staging originally described by Pierre
Denoix and adopted by the UICC TNM Project
are shown in Table 1. These aims make the TNM
classification clinically vital, but at the same time
bring potential limitations. For example, testis cancer
patients with different disease stage may have similar
excellent prognosis but those with stage I may be cured
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Table 1
Aims of cancer staging

+ To aid the clinician in planning treatment
* To give some indication of prognosis
» To assist in evaluating the results of treatment

+ To facilitate the exchange of information between treatment
centres

+ To contribute to continuing investigations of human
malignancies

with orchiectomy alone, while those with stage II
disease require additional treatment. In kidney cancer,
patients may have different prognosis (stage I versus
stage 1) but require the same treatment with surgery.
Since knowledge about prognostic factors and the
availability of effective cancer therapy continually
expand [11,14,15], the TNM classification needs
to adapt and change in order to remain clinically
relevant [1,12,16].

Staging and prognosis

Clinical practice in cancer is based on prevention, di-
agnosis, and treatment. All are based on the prediction
of possible outcomes, the prognosis. Appraisal of a
patient’s prognosis is part of everyday practice and
studies of prognostic factors are integral to cancer
research [11,17,18]. In addition to the site of origin
(e.g. lung or breast), histology (e.g. adenocarcinoma
or squamous cell carcinoma) and stage [11], definition
of the outcome in cancer depends on a number of
additional variables considered under the umbrella of
prognostic factors. These factors can account for the
heterogeneity associated with the expected course and
outcome of a disease. Knowledge of prognostic factors
helps the understanding of the natural history of
cancer. The management of cancer patients requires us
to make predictions and decisions for individuals. The
challenge of prognostication is to link the individual
patient to the collective population of patients with the
same disease characteristics and treated in the same
manner that form the basis of prognostication [11].
Whilst the TNM staging classification is the standard
system for recording anatomic disease extent, there
is no standard system for classifying prognostic
factors. However, numerous prognostic indexes [19]
and nomograms [20] are used in the clinic.

The prognosis in cancer is commonly equated with
tumour characteristics including histologic type, grade,
depth of invasion, or the presence of lymph-node
metastasis. Pathology and stage account for most

Table 2
Examples of tumour related prognostic factors

Pathology
Molecular tumour characteristics; gene expression
patterns

Morphologic classification — e.g. adenocarcinoma,
squamous

Histologic grade

Growth pattern — e.g. papillary versus solid, cribriform
versus tubular versus solid

Pattern of invasion — e.g. perineural, small vessel
invasion

Anatomic tumour extent

TNM categories

Tumour bulk

Single versus multifocal tumour

Number of sites of involvement

Tumour markers — e.g. PSA, AFP, CEA

Tumour biology

Tumour markers — e.g. her2neu, CD20
Proliferation indices — e.g. S-phase fraction, MiB-1
Molecular markers — p53, rb, Bcl2

Symptoms — related to the presence of tumour

variations in cancer outcome. However, factors not
directly related to the tumour also affect the course
of disease and the outcome. Three broad groups
encompass factors those related to disease or fumour,
to the host or patient, and to the environment in
which the patient is found. In the management of
cancer patients, determination of prognosis is required
repeatedly at multiple situations along the course of
the disease. Factors related to the presence of the
tumour include histology, stage, or factors reflecting
tumour biology (Table 2). While histology forms
the basis of tumour classification today, progress
in molecular medicine has led to redefinition of
many cancers according to molecular and genetic
tumour characteristics. Molecular and genetic criteria
are now accepted in acute leukaemia, lymphoma,
synovial sarcoma, Ewings tumour, etc and are being
considered in other cancers. Most tumour-related
molecular factors such as gene expression patterns
deal with disease characterisation. Details of tumour
pathology are crucial to the determination of prognosis
in cancer. The histologic type has traditionally defined
the individual cancers, but grade, pattern of growth,
immunophenotype, also reflect the fundamental type
of disease under consideration. Tumour multi-focality,
the presence of lymphatic or vascular invasion, and
infiltration patterns may relate both to type of disease
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Table 3
Examples of host related prognostic factors

Demographics

Age

Race

Gender

Level of education
Socioeconomic status
Religion

Co-morbidity

Inherited immune deficiency

von Recklinghausen disease etc.

Coexistent illness, e.g. inflammatory bowel disease
Weight

Cardiac status

Acquired immune deficiency

Infection

Mental health

Performance status

Compliance

Social reaction to illness

Influence of habits, drugs, alcohol, smoking, etc.
Belief in alternative therapies

and the extent [21,22]. Hormone receptors, expression
of proliferation-related factors and molecular tumour
characteristics relate more to the type of cancer rather
than the disease extent [23,24].

The TNM categories and stage groupings describe
anatomic disease extent. Tumour bulk, number of
involved sites, involvement of specific organs, levels
of tumour markers like PSA, CA 125, CEA, and
AFP strongly correlate with tumour bulk and anatomic
disease extent [25,26].

Factors in the host (patient) not directly related to
malignancy may significantly impact the final outcome
(Table 3). These include demographics including
age [27], gender [28] and racial origin [29]), co-
morbidity and coexistent illnesses [30], especially
those affecting the immune status [31], performance
status related to co-morbid illness, and factors that
relate to the host mental state, attitude and compli-
ance [32] with therapy. A history of prior cancer and
treatment of that cancer also places survivors at risk
for future events.

Numerous factors external to the patient may affect
the prognosis (Table 4). Three broad categories may be
defined including those related to expertise including
the choice of a specific treatment plan and caregiver
skill, those related to the health care system including
access to health insurance, cancer care and organised

screening programmes, calibre of medical record
keeping, internet access, etc. Finally there are factors
related to a societal focus such as socio-economic [33]
and nutritional status, and quality of care, with impact
on outcome.

Taxonomy of prognostic factors

In the English language, prediction, forecasting, and
prognosis all indicate the probability of future events.
In the medical literature, however, the use of the
terms such as predictive, prognostic, and risk are
being freely substituted for each other without much
thought about consistent and accurate definitions. In
the epidemiology literature, a risk factor is defined
as ‘a clearly defined occurrence or characteristic that
has been associated with the increased rate of a subse-
quently occurring disease’; thus it is limited to patients
who currently do not have a disease. In contrast, a
prognostic factor refers to a probability of future event
in patients who do currently have a disease.

Henderson and colleagues [34] and others defined
the term ‘predictive’ as ‘prognosis for a measurable
response’ of overt tumour reduction following a
treatment intervention and uses the term ‘predictive
factor’ as distinct from ‘prognostic’ factor. The authors
considered a prognostic factor in the narrow context of
a probability of cure or prolongation of survival. An
example of a prognostic factor that is not a predictive
factor is the number of involved axillary lymph nodes
in breast cancer [22]. A high number of lymph
nodes is associated with inferior survival, but the
number of involved lymph nodes has little impact on
response to treatment. In contrast, a factor that is both
predictive and prognostic is the oestrogen receptor
status in breast cancer that predicts for response
to hormonal therapy, but also prognosticates for a
better survival. Another example, HER-2-neu status,
is both a predictive and prognostic factor [35]. It is
debatable whether such a distinction, which focuses on
a single intermediate outcome (a measurable response
to cytotoxic treatment) instead of defined endpoint
relating to overall prognosis (e.g. local tumour control,
survival), should be embraced.

In addition to the distinction between the terms
prediction and prognosis, a further issue requiring
clarification is distinguishing cancer staging and prog-
nostic classifications. Factors that indicate anatomic
disease extent and bulk should be reflected in staging
classification. Those that indicate the biology of dis-
ease including histopathology, genetic and molecular
factors should be part of the WHO Classification of
Tumour Pathology and ultimately part of the ICD
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classification. Together, all the factors that help to
define the prognosis including tumour, host, and
environment factors are included in prognostic indexes
and nomograms.

Clinical-relevance-based classification

To consider the relevance of prognostic factors in clin-
ical practice, prognostic factors in this book are placed
in three distinct categories: essential, additional, and
new and promising factors. Essential factors are those
that are fundamental to decisions about the goals and
choice of treatment, and include details regarding the
selection of treatment modality and specific interven-
tions. Inherent in this definition is that knowledge of
these essential factors are required to meet a published
clinical practice guideline [36]. The additional factors
allow finer prognostication, but are not an absolute
requirement for the treatment related decision-making
process. Their role is to communicate prognosis, but
they do not in themselves influence treatment choice.
New and promising factors are those that shed new
light about the biology of disease, or the prognosis
for patients but for which currently there is, at best,
incomplete evidence of an independent effect on out-
come or prognosis [11,37]. The main factor required to
make treatment decision is the type of cancer defined
by histology or molecular tumour characteristics. The
second most important group of essential factors
reflects the anatomic disease extent. Many other essen-
tial factors have been identified including pathology,
tumour biology, tumour-related symptoms, patient age,
performance status, newer imaging methods [38], and
tumour markers [39] are also integral to the decision
making process in the choice of a treatment modality.
In addition to the essential factors, there are numerous
variables that help to define the outcome more pre-
cisely, but are not required for general decisions about
treatment. These include more detailed histologic
features, host-related factors, including co-morbid
conditions and vital organ function, which influence
the suitability for surgery, chemotherapy, or radiother-
apy. Environment-related factors, such as the choice of
an inferior treatment plan, poor quality diagnostic tests
or treatments themselves have the potential to compro-
mise the outcome. Management in a specialised unit in
several tumour sites for example in breast, colorectal
cancer and paediatric brain tumours [40], has resulted
in improved survival in population-based studies. The
immense and rapid expansion of molecular biology
has provided an abundance of opportunities to study
new biologic prognostic factors [14,41] which hold

Table 5
Applications of cancer staging

Patient care

Select appropriate diagnostic tests

Select an appropriate treatment plan

Predict the outcome for individual patient
Establish informed consent

Assess the outcome of therapeutic intervention
Select appropriate follow-up monitoring

Provide patient and caregiver education

Research

Improve the efficiency of research design and data analysis
Enhance the confidence of prediction

Demarcate phenomena for scientific exploration

Design future studies

Identify subgroups with poor outcomes for experimental therapy
Identify groups with excellent outcomes for simplified therapy

Identify candidates for organ preservation trials

Cancer control programs

Plan resource requirements

Assess the impact of screening programmes
Assess access to a timely diagnosis

Introduce and monitor clinical-practice guidelines
Monitor results

Provide public education

Explain variation in the observed outcomes

promise for future applications. Molecular factors
such as epidermal growth factor receptor (EGFR)
status [42] may be used to predict response to a
treatment modality, or they may present a target for
therapy such as imatinib in gastrointestinal stromal tu-
mours [43]. Alternatively they may assist in treatment
stratification such as MGMT status which predicts
for chemotherapy and radiotherapy responsiveness
in Glioblastoma multiforme [44]. Another category
includes factors that predict for the presence of occult
distant metastases. See Table 3 for examples of new
and promising prognostic factors.

There are numerous applications of the information
collected in cancer staging. They include but are not
limited to the impact on direct patient care. Table 5
provides examples of the broad range of application of
cancer staging encompassing patient care to research
and cancer control.

The UICC TNM Prognostic Factors Project

The mission of the UICC (International Union against
Cancer) TNM Prognostic Factors (TNM PF) Project
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is to provide and maintain a worldwide clinically
relevant staging (TNM classification) and prognostic
factor [45] classification for cancer, and to promote
global consensus on these classifications. The TNM
PF Project utilises a variety of strategies to meet
these goals. These strategies include development and
expansion of the UICC TNM Global Advisory Group
initiative, and the TNM review process. The Global
Advisory Group initiative aims to increase global
representation, create and network national cancer
staging committees worldwide [46]. Its objectives
are to enhance international collaboration in securing
TNM staging classification as a standard for describing
anatomic disease extent, to facilitate open-ended
participation in international cancer staging efforts,
and to build capacity in both cancer staging and
prognostic factor classifications.

Like any other classification, to be generally ap-
plicable, TNM classification requires consensus and
acceptance by oncology opinion leaders and practition-
ers. In recent years, opinion alone is insufficient as ev-
idence to guide practice. The introduction of evidence
based medicine has led to significant changes in the
process of developing clinical practice guidelines [36]
and similarly, evidence is required to develop or
change staging classification [47,48]. Expert review of
a systematic search of published literature and review
of evidence from clinical trials and large clinical
databases [49,50] with mature outcomes is required.

The TNM classification was modified over the years
to improve its prognostic ability and applicability
to changing methods of treatment [6]. Historically,
changes to the TNM classification were derived
from a decision-making process based on expert
opinion from several national TNM committees and
from the individual membership of the UICC TNM
Committee [46]. However, complex changes have
emerged that have made it increasingly difficult to use
the previous procedures to review and assess proposals
for changes and to make appropriate, evidence based
decisions.

Over the past few years, the UICC TNM Prognostic
Factor Project Committee has revised the process
for amending the TNM classification [1]. The new
process expands the methods and tools for evaluat-
ing the proposed changes to the classification and
emphasises the continuous monitoring, improvement,
and adaptation of the TNM. Assessing the quality of
the evidence is the main focus of the new process.
This process requires a multidisciplinary approach
and the inclusion of all involved in the treatment of
patients with cancer and in the reporting of outcome
data [51]. Two key activities were introduced; firstly,

a process for considering proposals to revise TNM
or to create a new classification, and secondly, the
continuous literature review that identifies opportu-
nities for improving the system. In 2002, the UICC
introduced a structured process for initiating changes
to the TNM classification [1]. This process contained
four key elements: (1) the development of clear and
unambiguous criteria for changes to TNM; (2) the
establishment of a well defined process for the annual
review of relevant literature (the ‘Literature Watch’);
(3) the formation of disease site-specific Panels of
Experts and (4) the acquisition of global expertise
and participation in the TNM review process [46].
The key goals of the annual Literature Watch process
include: (1) identifying new opportunities to improve
the TNM classification, (2) reviewing criticism of the
existing TNM classification, (3) identifying gaps in
the TNM classification - specifically in areas where
no classification exists, (4) reviewing proposals for
amendments to the TNM system that should be
reviewed by the TNM Prognostic Factors Task Force,
and (5) gathering evidence for the use of the TNM
classification in both clinical and outcome research.
Multidisciplinary ‘Panels of Experts’ in major disease
sites act in an advisory capacity to assist in judging
the current status, or any new development, in the
cancer staging classification. Over the 5 years since
establishment of the Annual Literature Watch, this
process has developed a standardised methodology for
identifying published articles with a specific focus in
cancer staging. Moreover, it helps ensure that relevant,
important, and contemporary issues for practitioners
in the field are given their due consideration and
addressed by a systematic and thorough methodology.

Summary

To be relevant to clinical practice, cancer staging
must predict the outcomes, or be used to select
treatment methods. It is likely that with progress in
treatment, and improved outcomes, cancer stage and
other prognostic factors will lead to treatment that
is increasingly individually tailored to each patient.
Knowledge of anatomic disease extent is also required
to minimise the deleterious impact of treatment.
Improved diagnostic methods, and especially more
accurate characterisation of microscopic disease extent
could help define a more homogeneous grouping
of patients with similar disease characteristics and
tumour-related prognostic factors, for a specified
disease. Knowledge of genetic or molecular factors
will lead to improved classification of cancer and
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provide new therapeutic targets and may further
add to the improved prediction of outcome and
greater individualisation of therapeutic interventions.
However, grouping of patients into similar categories
according to disease extent prior to treatment will
continue to be required to assess the impact of new
technology in patient assessment and new therapies on
outcome.
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