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ABSTRACT
Around a quarter of those in the developed world die
of cancer. Most cancers present to primary care with
symptoms, even when there is a screening test for the
particular cancer. However, the symptoms of cancer
are also symptoms of benign disease, and the GP has
to judge whether cancer is a possible explanation. Very
little research examined this process until relatively
recently. This review paper examines the process of
primary care diagnosis, especially the selection of
patients for rapid investigation. It concentrates on the
four commonest UK cancers: breast, lung, colon, and
prostate as these have been the subject of most recent
studies.
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INTRODUCTION
Around a quarter of those who live in the developed
world will die of cancer. This figure is rising, as
competing causes of death diminish in importance.
Most of those with cancer present with symptoms,
and most of these presentations are to primary
care.1 Although dealing with new cancer diagnoses
is relatively rare, (a full-time UK GP will have a new
cancer diagnosed in one of his or her patients each
month) dealing with the possibility of cancer is an
everyday occurrence. Thus GPs rapidly become
highly experienced in diagnosing what is not cancer,
and slowly become experienced in diagnosing what
is cancer. What is irksome to GPs is that they are
judged almost entirely on their diagnostic
performance in those patients who transpire to have
cancer, while given little or no credit for their
performance in those who do not.
In theory, cancer diagnosis should have become

easier in the last decade. In the UK, rapid
investigation clinics, which offer specialist
investigation within 2 weeks, are well established.
Selection of patients is guided by national
recommendations,2 although these are frequently
ignored.3 Access to primary care imaging has
improved, both in terms of availability and
timeliness. Even so, the UK’s record in cancer
mortality remains poor compared with other
countries,4 and it is argued that all these new
facilities have made little or no difference.5 The
current estimate is that 7500–10 000 lives are lost
each year in the UK from late diagnosis.6 However,
this headline figure conflates several separate
aspects of diagnosis, illustrated in Figure 1.
Almost all research has examined the whole

interval A–E, with only a few studies teasing out
where delays are occurring, and where there is the
most potential for improvement.7–10 For the rest of
this review, I concentrate upon activity between B
and D, so from first presentation to referral for
definitive investigation and take most of my
examples from the four commonest cancers, breast,
prostate, lung, and colorectal.
In retrospect, it is usually easy for the patient to

pinpoint when their symptoms began and when
they were first reported to primary care.11–12 At the
time, however, it may be far from obvious to the
clinician that the symptoms represent a malignancy.
There is reasonable evidence that patients can
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identify which symptoms matter. Most symptoms
that could represent cancer are not reported to
primary care, as the patient makes the — usually
correct — assessment that there is a simple
explanation for their symptom, and one which does
not require medical attention. Thus, only 41% of
patients with rectal bleeding report it to their
doctor.13 There are two selection processes when a
patient has a symptom: the first being whether to
seek medical attention, and the second being when
the GP decides whether to refer or not. Across both
these selection processes the risk of cancer is
higher in those who have been selected
(understandably — as the selection process works,
albeit imperfectly). Interestingly, the relative
increase in cancer risk over the first selection
(deciding whether to consult) is greater than the
second selection (the GP deciding whether to
refer).14 As an example, the positive predictive value
(or risk) of colorectal cancer with a single episode of
rectal bleeding experienced in the community is
around 0.1%.15 Once the bleeding is reported to
primary care, the risk of cancer is approximately
2–3%.16–17 In patients referred to secondary care, the
risk is 5–7%.18

This gradient of risk is important. Much discussion
centres on the ‘gatekeeper’ role of primary care,
whereby GPs select patients for investigation or
referral. It is possible that the UK’s relatively poor
cancer performance may result from GPs having too
high a threshold for selecting patients for
investigation. However, specialist clinics are quick to
criticise GPs for their failure to comply with referral

guidance, while simultaneously stating that referral
guidance has a very poor ability to identify cancer.3

This inconsistency leaves the GP in the middle,
balancing patient expectations against the need to
use resources appropriately. For the rest of this
review, I will summarise recent advances in primary
cancer diagnosis, to try and help in this balancing
act.

Breast cancer
For such an important and emotive cancer, there is
remarkably little primary care evidence to guide GPs
in their referrals of women with breast symptoms.
Hundreds of studies have examined screening or
genetics, yet bizarrely more primary care research
addresses GP compliance with referral guidance
than research which provides evidence to formulate
this guidance. It is not as if most breast cancers are
identified as a result of screening; on the contrary,
three-quarters are diagnosed following presentation
with symptoms.1

Breast symptoms account for almost 3% of
female consultations in primary care. The
commonest reported are breast pain and masses,
with such complaints commonest in the 25–44 age
group.19 Complaints of nipple discharge or changes
in the skin of the breast are much rarer.20 A breast
lump has a likelihood ratio of 15, whereas for a
nipple complaint the figure is 3.1 and for breast pain
1.8.19 The two common metrics used in diagnosis
are described in Box 1. Overall, 8% of women with
a breast lump reported to primary care are
subsequently diagnosed with cancer. As would be
expected, this figure is highly dependent upon age;
the incidence of breast cancer being 15 times
higher in women aged 45–64 years than in those
aged below 25 years.19 Thus in those below
25 years, a breast lump has an approximate risk of
cancer of 0.5% — assuming the likelihood ratios
are similar across all ages, which is generally the
case in cancer diagnostic studies.17 Less than 2%
of women with nipple complaints have cancer. The
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A denotes the timing of the first experience of a symptom; B the first attendance for medical care (usually in primary care1), C
the clinician first recognises cancer as a possibility, D definitive investigation is begun (which often coincides with C) and E the
start of treatment. This timeline begins with symptoms, although many cancers have a pre-symptomatic stage before A.

Figure 1. Intervals used in
the literature of diagnostic
delays.

How this fits in
There has been an upsurge in cancer diagnosis research in recent years,
especially studies based in primary care. Selection of patients for investigation
has always been complex. This review summarises recent advances,
particularly those supporting a ‘risk-based’ approach to referral.



Review

British Journal of General Practice, February 2010 123

Review

percentage for breast pain is even lower at 0.9%.
Such figures, which were published after NICE
guidance, support the concept of an age threshold
for urgent referral of breast lumps. Indeed, it is
debatable whether nipple bleeding (which usually
represents duct ectasia) warrants such prominence
in referral guidance, as such a small proportion of
women with this symptom have an underlying
cancer. Similarly, breast pain is genuinely a very
low-risk symptom.
In younger women, GPs have to rely upon their

clinical skills to identify the suspicious lump,
although many women will end up being referred as
the only method of providing adequate reassurance.
Younger women are particularly at risk of
inflammatory breast cancer (which accounts for
around 5% of all breast cancers). As the name
suggests, swelling, redness, and warmth of the
breast are the main features. ‘Peau d’orange’
changes in the skin are common.21 These appear
quite rapidly, making differentiation from infection
difficult. The underlying pathology is blockage of the
local lymph vessels by cancer cells, so the
prognosis of this form of breast cancer is poorer.

Lung cancer
Lung cancer diagnosis attracts much nihilism, even
fatalism. The prognosis is generally poor, and many
people question how much is to be gained from
early diagnosis.22 Patients may share this nihilism, in
some from a feeling of guilt at a self-inflicted
illness.23 This can delay presentation of symptoms.
By the time symptoms have been reported the
cancer has generally spread, making curative
treatment impossible. Furthermore, the symptoms
of lung cancer are usually non-specific, so even if
the patient presents early, it is often difficult to
identify that cancer is the cause.24 These factors
mean that only 20% of UK patients with lung cancer
are eligible for surgical resection;25 only 17% actually
undergo surgery,26 and around half of those survive
5 years.
As yet, screening has little to offer.27 Conventional

sputum cytology does not work, as its sensitivity is
too low; nor does plain chest X-ray screening.
Annual cytology, augmented by computer-assisted
image analysis, in smokers with chronic obstructive
pulmonary disease is currently being studied in the
UK Lung-SEARCH trial. Two large screening trials of
spiral CT are in progress, with the US trial due to
report its final results in 2010. The European trial
reports later that decade. However, the 3-year
results of a smaller recent Italian trial were
disappointing.28–29 Spiral CT can detect nodules as
small as 0.5 cm, compared with 3 cm for plain
radiology.25 However, the problem with being able to

identify such small nodules is the very high false-
positive rate: at 21% after one scan and 33% after
two. The false-positive rate may be lower in the
highly targeted population of the Lung-SEARCH
trial, as the incidence will be higher in this high-risk
population.
As there is generally a long period of symptoms

before presentation to a doctor,11,30 efforts have been
made to increase symptom awareness, and thus
earlier presentation. Such initiatives are difficult to
research, but audits suggest a moderate effect in
terms of earlier staging, with a concomitant increase
in resectability. A campaign in Doncaster, UK,
encouraged patients with a cough to report it to their
GP. This was coupled with a liberalisation of criteria
for requesting a chest X-ray. The percentage of
cancers identified in stages I or II increased from 11
to 19% after this campaign — a significant rise
(P = 0.02).31 In my view, it is much more likely that
progress will be made from interventions such as
this, than through screening — although most lung
cancers will remain incurable.
In one aspect, lung cancer is easier than most

other cancers, as the main test (a chest X-ray) is
easily available, reasonably cheap, and quite
accurate. Roughly one chest X-ray in five
requested by primary care is for investigation of
possible lung cancer.32 Negative X-rays occur in a
quarter of cancers,33 with some lesions being
missed by the radiologist, and others being not
visible.34 Even so, a quarter is a relatively low figure
for a primary care cancer test (for example, the
haemoglobin is over 12.9 g/dl in about half of those

Likelihood ratio. This is the chance of a patient with cancer having a
symptom of the cancer, divided by the chance of a patient without cancer
having the same symptom. For example, in lung cancer, 20% of cases report
haemoptysis to their doctor, whereas 1.5% of ‘healthy’ people do so. In this
example, the positive likelihood ratio is 20/1.5 = 13.

Positive predictive value. This is the chance of a patient having the disease of
interest when they have reported the symptom. For the same example, a
person reporting haemoptysis to their GP has a 2.4% chance of the
symptom being due to an underlying lung cancer.

There is a relationship between these two metrics. The positive predictive
value for the symptom is the incidence of the relevant cancer multiplied by
the likelihood ratio for the symptom. Strictly, it is slightly more complicated
than that, in that the positive predictive value and the incidence have to be
expressed as odds for the calculations, and then converted back to
percentages. Furthermore, you have to decide the period that a symptom is
deemed to be relevant (a cough more than a year before lung cancer is
diagnosed is probably not due to the cancer). Even so, the essential point is
that the larger the likelihood ratio, the higher the positive predictive value.
Similarly, the lower the incidence (that is, the rarer the cancer), the lower the
positive predictive value.

Box 1. Metrics used in diagnostic research
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with colorectal cancer).35 There are relatively few
false-positive chest X-rays (reflecting the 3 cm
minimum size of nodule that can be reliably
identified), although many chest X-rays show an
indistinct abnormality requiring a repeat test.
Therefore, it is reasonable to have a low threshold
for requesting a chest X-ray in a patient with
symptoms that could represent lung cancer. If the
threshold for ordering a chest X-ray were to be
liberalised, the yield of additional cancers would
still be small. Unpublished estimates from a UK
primary care cohort examined a possible policy of
X-raying all current smokers over the age of
60 years presenting to primary care with a
cough.36–37 Such a policy would expedite the
diagnosis in a quarter of those with lung cancer by
a median of 9 months. This could have a mortality
benefit. However, the ‘cost’ would be borne by
those without cancer — the number needed to X-
ray to find one of these 9-month expedited cancers
is 47. This may be a good use of resources, when
compared with the cost and false-positive rate of
screening.
For the patient who has reported symptoms to

primary care, there is recent evidence as a basis for
investigation and/or referral decisions. The obvious
symptom is haemoptysis, which carries a risk of
2.4–7.5% depending upon age and sex.36,38 Such
figures clearly warrant a chest X-ray. However,
haemoptysis is relatively uncommon in lung
cancer, being reported to primary care by only 40%
of patients.36 All other symptoms — cough,
dyspnoea, loss of appetite, loss of weight, fatigue,
and chest pain — are more common in cancer than
haemoptysis. However, they are even more
common in benign conditions, so have positive
predictive values of less than 1% for lung cancer.
Positive predictive values are higher in smokers or
those over 70 years, ranging from 1–2%.39 Arguably
these latter two groups warrant a chest X-ray at a
risk of this magnitude. Such a low yield is
justifiable, given the relatively low cost and ease of
access to chest X-rays. For other cancers, where
the test is not so simple, there is still considerable
debate as to what the threshold value of risk
warranting investigation should be: patients,
clinicians and commissioners of care having
different views. Despite the non-specific nature of
symptoms in the majority of those with lung cancer,
the median GP delay (B–D in the figure) in the UK
is 51 days,37 although it is 26 days in Sweden.30 As
is the case with most cancers, the majority of
patients presenting with symptoms are identified
and investigated relatively early, with a minority
(albeit a very important one) experiencing
significant delays.

Colorectal cancer
This cancer has received the most attention in
recent years with one published systematic review
(incorporating secondary care as well as primary
care data), and two primary care ones reporting
shortly.40 Several recent studies have examined
rectal bleeding.16–17,38,41–45 No study has reported a risk
for rectal bleeding below 2%, except in those under
60 years of age.17 Current UK referral guidance
requires 6 weeks of bleeding or bleeding
accompanied by diarrhoea for an urgent referral.2

Even ignoring the illogicality of waiting 6 weeks so
one can then have a 2-week referral, I believe that
the risk from rectal bleeding per se in the over–60s
warrants investigation, whatever accompanying
symptoms there are.
If guidance on rectal bleeding is debatable, it is

simply wrong with respect to iron-deficiency
anaemia. The threshold value of haemoglobin plus
iron-deficiency at which rapid investigation
haemoglobin for colorectal cancer is recommended
is 10 g/dl in women and 11 g/dl in men. These
equate to risks of colorectal cancer of 13.3% and
7.7% respectively.35 Clearly, patients with milder
levels of anaemia warrant investigation for possible
colorectal cancer, especially as this is the symptom
of colorectal cancer associated with a worse
mortality.46

Referral decisions become much more difficult
when considering the low-risk-but-not-no-risk
symptoms, such as abdominal pain, constipation,
or diarrhoea. These have positive predictive values
of 1% or less.16–17 For lung cancer, it is easy to
advocate a liberalisation of investigation of low-
risk-but-not-no-risk respiratory symptoms, as the
chest X-ray is easily available, of minimal risk and
discomfort, and with reasonable sensitivity and
specificity. However, colonoscopy is more costly
and uncomfortable, although it also has good
performance characteristics.47 One hope was that
CT colonography could replace colonoscopy —
however, it misses one in 10 of lesions larger than
1 cm — which are not missed by colonoscopy.48

Also possible for the future are various
biomarkers,49 including a small protein, matrix
metalloproteinase–9. Serum levels of this protein
correlate with the presence of colorectal cancer.50

Similarly, free DNA can be identified in the rectum of
some patients with colorectal cancer.51 Like the
biomarkers, much more research is required before
this can be used in primary care. Much simpler than
these methods are scoring systems for use in those
with a low-risk-but-not-no-risk symptom. Two have
been advocated: the CAPER score and the SELVA
score.18,52 Both have similar problems — achieving
high sensitivity (that is, ensuring most of those with

W Hamilton
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essentially mean the prostate gland is enlarged, but
do not tell whether the enlargement is benign or
malignant.58–59 Most of the common lower urinary
tract symptoms have positive predictive values for
prostate cancer of around 3%.58 Additionally,
impotence can be a first (and early) symptom of
cancer, again with a risk of approximately 3%.58

Thus in men with lower urinary tract symptoms,
clinical management should include rectal
examination and measurement of the prostate
specific antigen (PSA).60 Such use of the PSA is
entirely different from its use as a screening tool.
Although a small number of men can have prostate
cancer with a PSA as low as 1 ng/ml,61 almost all
such cancers have a good prognosis, and missing
them is of limited importance.62 Urologists
sometimes use the velocity of PSA rise, or the level
of free PSA in selection of patients for biopsy.63

There is no published evidence to support such
measurements in primary care.

Ovarian cancer
Quite a few primary care based studies have
recently illuminated this difficult cancer. It is now
clear that the term ‘silent killer’ is wrong. All primary
care studies show that symptoms are common, and
are generally reported to GPs.64–69 It is actually a
‘noisy killer.’ The problem is that the noise is non-
specific, with symptoms such as fatigue, abdominal
pain and urinary frequency being common initially.
Abdominal distension has a relatively high risk of
cancer, with a positive predictive value of 2.5%,
even though it is omitted from current guidance.69

One problem seems to be that GPs —
understandably — either don’t think of ovarian
cancer with such symptoms, or consider it so
unlikely as not to warrant examination or
investigation. Thus, ovarian cancer is often seen as
one GPs frequently miss.12 The truth is that GPs are
probably no worse (or better) at diagnosing ovarian
cancer than they are at any internal cancer.70 It is
possible to measure serum CA125 in primary care;
this has reasonable specificity, but the sensitivity is
unknown, so it is of debatable value.71–72 A better
test is ultrasound, ideally trans-vaginally. This has
been extensively tested in screening studies, with
good performance characteristics, although — as
always — it is risky to extrapolate from the
screened population to the symptomatic
population.73 A large UK screening trial has
completed recruitment, but the main results will not
be available until after 2014, when mortality follow-
up ceases.73

Other cancers
Few other cancers have been researched in primary
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cancer are identified) requires a sacrifice of
specificity, with many patients undergoing negative
investigations, despite being labelled by the scores
as ‘higher risk’.53

Until one of these initiatives is shown to be
successful, GPs have to rely on softer clues to
identify colorectal cancer in patients with a low-risk
symptom. This can be done, and done well. An
example: the expression ‘change in bowel habit’
strictly just means constipation or diarrhoea. Yet
the expression has connotations beyond its
dictionary definition. In the UK, when a GP uses
that expression, it means ‘constipation or
diarrhoea, and there is a reasonable chance this is
due to a colorectal cancer.’ Very few patients have
change in bowel habit documented in their records,
yet are not investigated for possible cancer,
whereas the majority of patients with, for example,
diarrhoea documented in their records go without
investigation. And GPs get this right: the positive
predictive value of ‘change in bowel habit’ in a
80 year old man is 4% compared with 1.2% and
0.7% for the same age of man with diarrhoea or
constipation.17 Some additional features must allow
GPs to identify these patients — who are at least
three times more likely to harbour cancer. What
these features are and how they are detected by
the GP is not known — that they exist seems
certain. It is unlikely that GPs consciously act in a
Bayesian fashion in calculating a prior probability
of cancer and adjusting it for these subtle clues.
Subconsciously, that may be exactly what they are
doing.

Prostate cancer
As with lung cancer, there is some nihilism about the
usefulness of early diagnosis of prostate cancer,
although from a different direction. Put crudely, the
argument goes that early diagnosis of lung cancer is
no use as the patient will die anyway; early diagnosis
of prostate cancer is no use as the patient will live
anyway. Much of the prostate cancer nihilism stems
from screening trials. Recently published studies of
screening for prostate cancer show very little
evidence of mortality benefit.54–55 Treatment of small
cancers does yield a small mortality gain, but at a
cost of possible complications such as
incontinence.56 However, treatment of larger
tumours, and of disease that has spread is much
less controversial.57 Larger tumours are also those
likely to give rise to symptoms. This simplifies the
clinical problem for primary care. Given that there is
benefit for treatment of symptomatic prostate
cancer, it is appropriate to search for prostate
cancer when a man presents with lower urinary tract
symptoms. However, lower urinary tract symptoms
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care — largely because of their relative rarity. Thus,
referral decisions have to be based on the GP’s
experience — allied to intuition — with intuition
being probably the more important. What few
studies have been done largely support current
standard clinical practice. Thus, the risk of
oesophageal cancer with dysphagia is 5.7% in men
and 2.4% in women and the risk of urinary tract
malignancy with haematuria 7.4% and 3.4%
respectively, suggesting investigation is warranted.38

Similarly, GPs appear to be good at identifying
which patients with enlarged cervical lymph nodes
have cancer, and equally importantly, which do
not.74–75 Overall, less than 2% of cervical
lymphadenopathy presented to primary care is
malignant.76 The risk of a brain tumour with
headache is 1 in 1000, supporting the view that
scanning patients with typical headache is not
required.77

Summary
Primary care is the main setting where cancer is
diagnosed, or at least suspected. It is also the
setting in which most pre-symptomatic risk
assessment takes place — including compilation of
a family history, and attention to modifiable risk
factors, such as smoking or obesity.78 Hardly a day
in clinical practice passes without cancer being
raised as a possibility. The evidence base behind
selection of patients for referral — and equally
importantly — behind reassuring and not
investigating continues to grow. At times, the
evidence runs counter to current guidelines: if so
most GPs trust their clinical acumen, and are
generally right to do so.79 Most patients with cancer
receive good service from primary care. Further
research will need to explore how the minority who
currently experience delays in diagnosis can be
identified earlier.

Linked commentary
This article has an associated commentary: Neal RD.
Cancer diagnosis — the role of urgent referral guidelines. Br
J Gen Pract 2010; DOI: 10.3399/bjgp10X483427.
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COMMENTARY
Cancer diagnosis — the role of urgent referral guidelines
This excellent review brings together evidence from primary care that will undoubtedly help clinicians in their quest for earlier cancer
diagnoses for their patients.1 It is particularly welcome within the current context of the Department of Health’s National Awareness and
Early Diagnosis Initiative.2 Recent policy announcements have focused on easier and quicker access to investigations for GPs for
suspected cancer symptoms, and the development and implementation of software for GPs to identify early cancer symptoms within
5 years. Such policies are likely to help save the estimated 5000–10 000 lives per year currently lost in the UK because of probable later
diagnosis compared with some European countries.3–5 Data from primary care, such as presented in Hamilton’s review, will directly inform
the development of these policies.
One key policy question is whether urgent referral guidelines are the answer, whatever the quality and quantity of the evidence about

the meaning of symptoms. There is a continuing lack of evidence that cancer diagnoses overall are made quicker, and with clinical
benefits, through a fast-track system that prioritises some patients over others, based upon their symptoms. Many, quite possibly a
majority, of cancers are diagnosed through a more atypical symptomatic presentation, often congruent with symptoms of benign
pathology. This is a major challenge for secondary care and for commissioners. Paradoxically, guidelines may prioritise those with least
to gain in terms of improved outcomes because they hasten diagnosis of very early tumours that may remain curable and treatable if
diagnosed later. They also prioritise those with already established aggressive disease who are beyond curative treatment at the time of
diagnosis, although good palliative care for these people may be hastened.6 All patients deserve the earliest diagnosis, whatever their
symptoms. Guidelines do focus GPs’ attention on potential alarm symptoms for cancer.7 However, there are also still significant concerns
about the implementation and use of the urgent cancer referral guidelines in primary care, which is hugely different to their target driven
implementation in secondary care.
In policy terms, there are two main conclusions to be drawn. Firstly, Hamilton is correct in stating that GPs may have too high a

threshold for investigation. Gatekeeping has been the cornerstone of the UK NHS for decades. However, for suspected cancer,
gatekeeping may be inhibiting early diagnosis and it may be that the balance between referral for opinion or investigation, and minimising
costs and the risk of iatrogenic illness needs to be shifted. Watching and waiting is no longer acceptable for certain symptom complexes.
Secondly, we need faster routes to diagnostic tests and/or specialist opinion (dependent upon the available diagnostic tests for different
cancers) for all patients with a suspicious symptom, above a certain, and as yet undetermined, threshold. A stronger evidence base to
enhance our understanding of the predictive value of symptoms will facilitate this.
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