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Key Points 

•	 Bowel symptoms are common in the community, and their predictive value for 
colorectal cancer is low.

•	 Bowel symptoms provide little additional predictive value to that conferred by 
considering age alone.

•	 The predictive value of immunochemical faecal occult blood tests is also much 
higher than that of any symptom.

•	 In our study, 95% of cancers could have been detected by doing only 60% of the 
colonoscopies.

The value of bowel symptoms in the diagnosis of colorectal cancer has been 
debated for many years, but there remains conflicting information about which 
bowel symptoms, if any, are useful predictors of colorectal cancer. The earliest 
paper we have identified that evaluated symptoms for colorectal cancer was written 
in 1960 [1], and there have been numerous studies conducted since. The symptoms 
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with which colorectal cancer are purported to present have been well documented 
and most commonly include rectal bleeding, alteration in bowel habit, abdominal 
pain and weight loss [2–4].

Bowel symptoms occur very commonly in the community and are often self-
limiting, with estimates that over a third of the population have such symptoms at 
any time [5]. The incidence of rectal bleeding reported in a Dutch national survey 
was found to be 1.6 per 1000 (quoted in Olde Bekkink [6]). There is little informa-
tion available about when or why people seek medical attention for these symp-
toms [7, 8].

Currently, many colorectal cancers are diagnosed following symptomatic 
presentation. However, the evaluation of bowel symptoms results in diagnosis 
of other gastrointestinal disease more frequently than colorectal cancer. 
Comparison of colonoscopy findings between symptomatic (done for diagnosis 
in patients 18–49 years) and non-symptomatic people (done for screening, 
patients aged 50–54 years) showed that many more neoplastic lesions were 
found in the screening group (28.5% compared to 14.1%) [9] and most likely 
reflects age related risk.

Nevertheless, despite increasing evidence that bowel symptoms are not harbin-
gers of colorectal cancer in most instances, numerous investigations of bowel symp-
toms are done for this purpose. Further, it is widely acknowledged that colorectal 
cancer can—and should—be detected in the absence of symptoms through screen-
ing programs and that the presence of symptoms does not necessarily imply the 
presence of colorectal cancer. However, information provided by screening pro-
grams often includes lists of “common symptoms” of bowel cancer. These usually 
include a persistent change in bowel habit, rectal bleeding, abdominal pain and an 
abdominal lump [10], incomplete evacuation, weight loss, and fatigue [11]. Advice 
is still given that “recognising bowel cancer symptoms and acting quickly is impor-
tant for early detection of the disease” [12].

To evaluate the importance of symptoms in the diagnosis of colorectal cancer, we 
undertook a systematic review of the literature in 2008. We identified and evaluated 
information from 62 eligible papers that provided relevant information about can-
cers [13]. Details of this systematic review are given at the end of this chapter, and 
results are shown in Table 2.1.

One of the findings from this systematic review was that the majority of the stud-
ies done had methodological flaws. This assessment has also been made by system-
atic reviews done subsequently (albeit with slightly varying inclusion criteria) [6, 
14, 15]. We therefore undertook a large prospective primary clinical study which 
addressed many of the deficiencies of the previous studies, and was large enough to 
provide a definitive answer. In this study, the CRISP Study (Colonoscopy Research 
in Symptom Prediction), we evaluated the association between symptoms and 
colorectal cancer in 8204 patients undergoing colonoscopy for any reason [16]. We 
did not collect information about the indication for the colonoscopy; the patients 
were not a select group, but were referred for all the indications for which colonos-
copies are done. A brief summary of the methods of this study is given at the end of 
this chapter, and our results are shown in Table 2.2.

B.-A. Adelstein et al.
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Table 2.1  Overview of results from systematic review: symptoms associated with cancer

Symptom DOR (95% CI) AUC Sensitivity (95% CI) 1-specificity (95% CI) LR+ (95% CI) LR− (95% CI)

Rectal 
bleedinga

2.6 (1.9–3.6) 
p < 0.001

0.66 0.46 (0.38–0.55) 0.25 (0.19–0.31) 1.9 (1.5–2.3) 0.7 (0.6–0.8)

Blood mixed 
with stool

3.1 (2.0–4.8) 
p < 0.001

0.68 0.49 (0.30–0.69) 0.24 (0.13–0.40) 2.1 (1.5–2.8) 0.7 (0.5–0.9)

 � Blood:  
dark red

3.9 (1.7–9.2) 
P = 0.004

0.71 0.29 (0.09–0.65) 0.10 (0.03–0.28) 3.1 (1.6–6.0) 0.8 (0.6–1.1)

Change in 
bowel habit

1.5 (0.8–2.8) 
p = 0.16

0.57 0.32 (0.21–0.46) 0.24 (0.15–0.35) 1.4 (0.9–2.1) 0.9 (0.7–1.1)

Abdominal 
pain

0.7 (0.5–1.1) 
p = 0.12

0.45 0.19 (0.13–0.28) 0.24 (0.17–0.33) 0.8 (0.6–1.1) 1.1 (1.0–1.2)

Constipation 1.1 (0.8–1.5) 
p = 0.48

0.52 0.12 (0.08–0.18) 0.11 (0.07–0.16) 1.1 (0.8–1.5) 1.0 (1.0–1.0)

Diarrhoea 0.9 (0.4–1.7) 
p = 0.65

0.47 0.15 (0.07–0.28) 0.17 (0.09–0.29) 0.9 (0.5–1.6) 1.0 (0.9–1.1)

Weight loss 2.9 (1.6–5.0) 
p = 0.001

0.67 0.20 (0.12–0.31) 0.08 (0.05–0.13) 2.5 (1.5–4.0) 0.9 (0.8–1.0)

Originally published by BMC Central (Adelstein B-A, Macaskill P, Chan SF, Katelaris PH, Irwig 
L. Most bowel cancer symptoms do not indicate colorectal cancer and polyps: a systematic review. 
BMC Gastroenterol. 2011;11:65)
DOR = diagnostic odds ratio, No association between symptoms and cancer if DOR=1
AUC = area under the receiver operator curve (ROC). No association between symptom and cancer 
if AUC = 0.5
aBleeding of any type
Note: rectal mucus, fatigue and anaemia were not evaluated in the systematic review

Table 2.2  The CRISP study: Symptoms, history and demographic variables—single and multi-
variable model

People with symptom
Cancer 
Prevalence 
(/100)a

OR: individual 
symptom (95% CI)

OR: individual 
symptom in 
multivariate 
modelb (95% CI)Number

Percent (%) 
(of all 
participants)

Rectal bleeding (all) 3023 37.3 2.99 1.99 (1.45–2.73)
 � No bleeding 5803 62.7 1.00 (referent)
  �Present <12 

months; occurring 
weekly

689 8.40 6.18 4.27 (2.88–6.33) 5.69 (3.65–8.87)

  �Present <12 
months; occurring 
occasionally

1226 14.9 2.51 1.67 (1.08–2.57) 2.06 (1.30–3.27)

  �Present >12 
months; occurring 
weekly

356 4.3 1.79 1.18 (0.51–2.73) >12 months: 
1.50 (0.80–2.81)

  �Present >12 
months; occurring 
monthly/
occasionally

689 8.40 1.08 0.71 (0.33–1.55)

(continued)
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Table 2.2  (continued)

People with symptom
Cancer 
Prevalence 
(/100)a

OR: individual 
symptom (95% CI)

OR: individual 
symptom in 
multivariate 
modelb (95% CI)Number

Percent (%) 
(of all 
participants)

Change in bowel 
habit (all)

3780 46.8 2.67 1.73 (1.25–2.38)

 � No change in 
bowel habit

4303 53.2 1.56 1.00 (referent)

 � Present <12 
months

2338 28.5 3.52 2.30 (1.64–3.21)

 � Present >12 
months

1365 16.6 1.30 0.83 (0.49–1.43)

Rectal mucus (all) 1318 16.2 2.76 1.46 (1.00–2.14)
�No rectal mucus 6809 83.8 1.91 1.00 (referent)
�Present <12 months; 
occurring weekly

328 3.4 6.39 3.51 (2.16–5.72) 3.19 (1.82–5.59)

�Present <12 months; 
occurring 
occasionally

393 4.8 2.38 1.25 (0.63–2.49) 1.30 (0.62–2.71)

�Present >12 months; 
occurring weekly

201 2.5 0.51 0.26 (0.04–1.89) >12 months: 
1.25 (0.49–3.21)

�Present >12 months; 
occurring monthly/
occasionally

265 3.2 1.57 0.82 (0.30–2.24)

Abdominal pain 3905 48.0 2.19

�No abdominal pain 1.00 (referent)
�Present <12 months; 
occurring weekly

1522 18.6 3.82 2.02 (1.42–2.86) 2.16 (1.48–3.15)

�Present <12 months; 
occurring 
occasionally

787 9.6 1.88 0.97 (0.55–1.73) 1.05 (0.57–1.93)

�Present >12 months; 
occurring weekly

956 11.6 0.87 0.45 (0.21–0.93) (>12 months): 
1.12 (0.25–4.92)

�Present >12 months; 
occurring monthly/
occasionally

560 6.8 0.37 0.19 (0.05–0.78)

Incomplete 
evacuation

3724 46.2 2.26 1.20 (0.87–1.64)

�No incomplete 
evacuation

4365 53.8 1.89 1.00 (referent)

�Present <12 months; 
occurring weekly

1393 17.0 3.47 1.86 (1.29–2.70)

�Present <12 months; 
occurring 
occasionally

630 7.7 1.51 0.79 (0.55–1.73)

�Present >12 months; 
occurring weekly

860 10.5 1.20 0.63 (0.21–0.93)

B.-A. Adelstein et al.
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Table 2.2  (continued)

People with symptom
Cancer 
Prevalence 
(/100)a

OR: individual 
symptom (95% CI)

OR: individual 
symptom in 
multivariate 
modelb (95% CI)Number

Percent (%) 
(of all 
participants)

�Present >12 months; 
occurring monthly/
occasionally

443 5.4 0.72 0.37 (0.05–0.78)

Abdominal lump 288 3.6 2.20 1.08 (0.47–2.47)
 � No abdominal  

lump
7822 96.4 2.03 1.00 (referent)

Anal pain 1942 24.0 2.12 0.91 (0.63–1.33)
 � No anal pain 6139 76.0 1.94 1.00 (referent)
Urgency 3187 40.0 2.14 0.91 (0.65–1.26)
 � No urgency 4784 60.0 1.94 1.00 (referent)
Anal lump 1025 12.7 1.63 0.77 (0.46–1.29)
 � No anal lump 7057 87.3 2.11 1.00 (referent)
Weight loss (all) 957 11.7 1.78 (1.19–2.67)
 � No weight loss 7136 88.2 1.00 (referent)
 � ≥6 kg 288 3.51 5.88 3.27 (1.92–5.59)
 � 4–6 kg 234 25.6 3.20 1.73 (0.80–3.75)
 � ≤4 kg 391 2.85 1.58 0.84 (0.37–1.92)
Fatigue 3266 40.2 2.65 1.67 (1.21–2.29)
 � No fatigue 4864 59.8 1.61 1.00 (referent)
Anaemia 821 10.1 4.97 2.96 (2.05–4.29) 3.61 (2.42–5.40)
 � No anaemia 7287 89.9 1.73 1.00 (referent)
History and demographic information
 � Age
 �   <50 years 2220 27.1 0.46 1.00 (referent)
 �   50–59 years 2135 26.1 1.73 3.78 (1.87–7.64) 7.37 

(3.57–15.18)
 �   60–69 years 2032 24.9 2.64 5.82 (2.94–11.51) 15.96 

(7.80–32.64)
 �   >70 years 1792 21.9 3.85 8.60 (4.40–16.80) 27.28 

(13.26–56.11)
 � Gender
 �   Male 3860 47.1 2.45 1.00 (referent) 1.42 (1.01–2.00)
 �   Female 4344 54.0 1.71 0.70 (0.51–0.95)
�Previous 
colonoscopy in last 
10 years

0.23 (0.15–0.33)

 �   >10 years 296 3.7 1.75 0.50 (0.20–1.22)
 �   5–10 years 1380 17.4 0.60 0.17 (0.08–0.35)

(continued)
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Table 2.2  (continued)

People with symptom
Cancer 
Prevalence 
(/100)a

OR: individual 
symptom (95% CI)

OR: individual 
symptom in 
multivariate 
modelb (95% CI)Number

Percent (%) 
(of all 
participants)

 �   3–4 years 1428 18.0 1.10 0.31 (0.18–0.53)
 �   0–2 years 1446 18.2 1.33 0.37 (0.23–0.62)
�No previous 
colonoscopy

3385 42.7 3.49 1.00 (referent)

 � Diverticular 
disease

804 9.8 0.93 0.42 (0.20–0.90) 0.38 (0.17–0.86)

�No diverticular 
disease

7400 90.2 2.18 1.00 (referent)

 � NSAID use 759 10.4 0.95 0.43 (0.20–0.93) 0.34 (0.16–0.74)
 �   No NSAID use 6514 89.6 2.17 1.00 (referent)
 � Aspirin use 1330 18.2 2.01 0.99 (0.64–1.53) 0.54 (0.34–0.86)
 �   No aspirin use 5979 81.8 2.03 1.00 (referent)

Note: Numbers for subgroups may not add up to numbers in group because results for “not known” 
category are not presented
aCancer prevalence calculated as (number of cancers/total number  −  number of advanced 
adenomas) × 100
bOnly variables found to be significant or included in the final model are shown

To answer the question about the association of symptoms and colorectal can-
cer conclusively, we present the findings of our systematic review and our pri-
mary clinical study, together with findings from other systematic reviews 
undertaken.

2.1	 �Number of Symptoms

Systematic review: The most commonly reported symptoms were rectal bleeding, 
abdominal pain, change in bowel habit, constipation, diarrhoea and weight loss.

Primary clinical study: Bowel symptoms are common. In our primary clinical 
study of patients undergoing colonoscopy for any reason, patients often reported 
having more than one symptom. Most commonly, patients reported having 3 symp-
toms, but some patients reported having all 11 of the symptoms asked about. Only 
14% of patients reported having no bowel symptoms (Table 2.3).

The more symptoms a patient reported, the higher their risk of cancer. Compared 
to those with no symptoms, patients with 5–11 symptoms had 3.7 times (95% CI 
1.8–7.8) the risk of colorectal cancer, those with 3–4 symptoms had 3 times (95% 
CI 1.4–6.4) the risk and those with 1–2 symptoms had 2.6 times (95% CI 1.2–5.6) 
the risk.

There were 8204 participants in our study, with colorectal cancer diagnosed in 
159 (1.9%).

B.-A. Adelstein et al.
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2.2	 �Rectal Bleeding

Systematic review: Rectal bleeding is associated with colorectal cancer.
From the 40 papers which provided information about the relationship between 

rectal bleeding of any type and colorectal cancer, we found that bleeding is 
expected to occur in about half the patients with cancer (sensitivity 0.46 (95% CI 
0.38–0.55), but are also expected to occur in about a quarter of patients without 
cancer (1-specficity; 0.25 (95% CI 0.19–0.31). Therefore, the likelihood of cancer 
is approximately doubled in people with bleeding (Positive likelihood ratio 
(LR+) = 1.9 (95% CI 1.5–2.3). The corresponding likelihood of cancer in people 
presenting with no bleeding (Negative likelihood ratio (LR−) was 0.7 (95% CI 
0.6–0.8).

These results are similar to those reported in other systematic reviews. Ford et al 
[14], who reported LR+ = 1.3 (95% CI 1.2–1.5) and LR− = 0.8 (95% CI 0.7–0.9), 
based on 14 studies.

Nevertheless, even though rectal bleeding is associated with colorectal cancer, 
for most people presenting with rectal bleeding, colorectal cancer will not be the 
cause. Based on our systematic review findings, even if cancer is present in as many 
as 5% of people asked about symptoms, only 9% of those with rectal bleeding will 
have cancer.

The methodology, quality and population characteristics of the studies also influ-
enced how bleeding was associated with cancer. The accuracy of bleeding in diag-
nosing colorectal cancer was higher when colonoscopy, compared to all other 
diagnostic modalities, was used as the reference standard.

Table 2.3  Outcome and number of symptoms per patient

Number of 
symptoms 
per patient

Total (%)

Cancer Advanced adenoma Nil n %
0 8 93 1072 1173 14.3
1 19 78 1031 1128 13.7
2 21 76 1059 1156 14.1
3 25 71 1118 1214 14.8
4 23 59 1025 1107 13.5
5 26 38 886 950 11.6
6 21 32 624 677 8.3
7 8 13 420 441 5.4
8 6 5 242 253 3.1
9 0 2 73 75 0.9

10 2 0 21 23 0.3
11 0 1 6 7 0.1
Total 159 468 7577 8204 100

2  Bowel Symptoms in Relation to Colorectal Cancer
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2.2.1	 �Type of Bleeding

Systematic review: Few papers provided information about bleeding type. Of these, 
only bleeding mixed with stool (3.1, 95% CI 2.0–4.8 times higher) and dark red 
blood (3.9, 95% CI 1.7–9.2 times higher) were significantly associated with colorec-
tal cancer.

These findings are consistent with another systematic review which reported 
LR+ = 1.9 (95% CI 0.8–5.5) for blood mixed with stool and LR+ of 1.4 (95% CI 
0.6–3.3) for dark red blood [6].

Primary clinical study: Our primary clinical study results were consistent with 
the findings from the systematic reviews. We found that colorectal cancer was about 
twice as common in those with rectal bleeding than in those with no bleeding (OR 
1.99, 95% CI 1.45–2.73). Rectal bleeding was the most common symptom, with 
48% of people in our study having this symptom. However, this has to be seen in 
context: 1.9% of all participants had colorectal cancer, and while 3% of those who 
reported rectal bleeding had colorectal cancer and the relative increase was approxi-
mately 50%, the absolute increase was for those with bleeding was 1.1%, although 
this may increase if the duration and frequency of bleeding is taken into account.

People with bleeding that was described as being mixed (with fresh, bright blood 
and old, dark blood—reported by 12% of people who reported bleeding) were more 
than 4 times more likely to have colorectal cancer (prevalence 5.9%; OR 4.1 95% CI 
2.4–6.8) than those with no bleeding (cancer prevalence 1.5%). People with bleeding 
described as fresh were about twice more likely than to have cancer than those with 
no bleeding (prevalence 2.5%; OR 1.7; 95% CI 1.2–2.4). There was no evidence of 
association between colorectal cancer and estimated quantity of bleeding.

The length of time bleeding was present and the frequency with which it occurred 
were important factors in assessing the significance of bleeding. The more frequent 
the bleeding, and the less time it had been present were associated with higher risk 
of colorectal cancer. These factors are discussed later in the chapter.

2.3	 �Change in Bowel Habit

Systematic review: 32 papers provided information about the relationship between 
change in bowel habit and colorectal cancer, but we found no association between 
change in bowel habit and cancer. Change in bowel habit was expected to occur in 
32% of patients with cancer.

Other systematic reviews evaluating change in bowel habit also found that this 
symptom had low diagnostic value, although Ford reported a LR+ of 1.3 (95% CI 
1.0–1.6) [14, 15].

Primary clinical study: Contrary to the findings from the systematic reviews, we 
found that change in bowel habit was found to have a slight association with colorec-
tal cancer—patients with this symptom were 1.7 times (95% CI 1.3–2.4) more 
likely to have cancer. Change in bowel habit was the second most common symp-
tom in our study, with 47% of people having this symptom.

B.-A. Adelstein et al.
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The highest risk for colorectal cancer was in males with a change in bowel habit 
present for less than 12 months, with three times the risk of those with no change in 
bowel habit. This is discussed later in the chapter.

The frequency with which the change in bowel habit occurred and the type of 
change in bowel habit did not influence the association with colorectal cancer.

2.4	 �Rectal Mucus

Systematic review: rectal mucus was not assessed in the systematic review as there 
were insufficient papers describing this symptom.

Primary clinical study: rectal mucus was weakly associated with colorectal can-
cer. There was no association with the quantity of the mucus, but the frequency and 
time present were important and are discussed later in the chapter.

2.5	 �Constipation, Diarrhoea, Abdominal Pain, Abdominal 
or Anal Lump, Anal Pain, Incomplete Evacuation, 
Urgency

Systematic review: We found that constipation, diarrhoea and abdominal pain were 
not associated with colorectal cancer. These findings are in keeping with those of 
other systematic reviews [14, 15, 17, 18].

Primary clinical study: this supported the findings of the systematic review. We 
found no increased risk for abdominal pain, an abdominal or anal lump, anal pain, 
incomplete evacuation or urgency.

2.6	 �General Symptoms: Weight Loss, Fatigue and Anaemia

2.6.1	 �Weight Loss

Systematic review: 18 papers provided information about the relationship between 
weight loss and colorectal cancer. Weight loss was associated with colorectal cancer 
(Table 2.1). Weight loss is expected to occur in 20% of the patients with cancer 
(sensitivity 0.20; 95% CI 0.05–0.13) compared with 10% of those without cancer 
(1-specificity 0.08; 95% CI 0.0–0.1). Hence, the likelihood of cancer was more than 
doubled in people presenting with weight loss (LR+ = 2.5; 95% CI 1.5–4.0). The 
corresponding likelihood of cancer in people presenting with no weight loss was 
LR− = 0.9 (95% CI 0.8–1.0).

Our results for weight loss are similar to those reported in other systematic 
reviews, although the likelihood ratios reported by Ford (LR+ = 1.9; 95% CI 1.3–
3.1, and LR− = 0.9; 95% CI 0.8–1.0) based on five studies [14], and Olde Bekkink 
(LR+ = 1.9; 95% CI 1.0–3.1) [6] were slightly lower than ours. Jellema reporting 
sensitivity = 0.2 and specificity = 0.89 [15].

2  Bowel Symptoms in Relation to Colorectal Cancer
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Primary clinical study: Weight loss (unintentional) was associated with colorec-
tal cancer. Patients who had lost more than 6 kg in weight were 3.2 times (95% CI 
1.9–5.6) more likely to have cancer than those with no weight loss. 11.8% of people 
in our study had weight loss. Weight loss was more predictive for colorectal cancer 
in males than females.

2.6.2	 �Fatigue and Anaemia

Systematic review: we did not assess these in our systematic review. In their system-
atic review, Ford et al. [14] reported that the likelihood ratios were disappointing 
(LR+ = 1.38 (0.5–3.9), and LR− = 0.9 (0.7–1.1).

Primary clinical study: People with a history of anaemia were three times (OR 
3.0; 95% CI 2.1–4.3) more likely to have colorectal cancer than those with no his-
tory. People with fatigue were 1.7 times (OR 1.7 95% CI 1.2–2.3) more likely to 
have colorectal cancer than those with no history of fatigue. Forty percent of people 
in the study complained of fatigue, and 10% said they had a history of anaemia.

Anaemia was more predictive of colorectal cancer if the person had up to two 
other symptoms, irrespective of what these were. It should be stressed that assess-
ment of anaemia in our study was by self-reported recollection of the participants, 
not documented iron deficiency anaemia.

2.7	 �Characteristics of Symptoms: Frequency  
and Time Present

The risks associated with rectal bleeding, rectal mucus and abdominal pain depended 
on the length of time the symptom had been present and the frequency with which 
it occurred. For example, the colorectal cancer risk was the highest when the symp-
tom occurred weekly and had been present for less than 12 months for patients with 
rectal bleeding (over 4 times higher: OR 4.3; 95% CI 2.9–6.3), rectal mucus (3.5 
times higher: OR 3.5 95% CI 2.2–5.7), abdominal pain (2 times higher: OR 2.0; 
95% CI 1.4–2.9), and incomplete evacuation (almost 2 times higher: OR 1.9; 95% 
CI 1.3–2.7). For change in bowel habit, short duration (<12 months) was associated 
with almost a two and a half times higher risk (OR 2.4; 95% CI 1.7–3.3). Notably, 
for each of these symptoms, the risk in those who had the symptom for longer than 
12 months was similar to those without the symptom.

Gender was an effect modifier for colorectal cancer risk in patients with abdomi-
nal pain. Males with abdominal pain had a higher risk than males with no pain, 
while females were not at increased risk. However, when the duration of pain was 
taken into account, this gender effect was no longer significant: both males and 
females had a higher risk of colorectal cancer when pain occurred weekly and had 
been present for less than 12 months.

B.-A. Adelstein et al.
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2.8	 �Summary of Findings: Summary of Findings  
on Single Symptoms

The symptoms usually considered important for colorectal cancer diagnosis are rec-
tal bleeding, change in bowel habit, abdominal pain, weight loss, diarrhoea and 
constipation. Of these, in our systematic review only rectal bleeding and weight loss 
showed any association with cancer, although this association was small (Table 2.1). 
In our primary clinical study, only rectal bleeding and weight loss were associated 
with colorectal cancer, albeit with relatively low diagnostic value. Change in bowel 
habit and rectal mucus had slight associations with colorectal cancer. If these symp-
toms occurred more frequently and were present for less than 12 months, the asso-
ciation with colorectal cancer was higher. There was evidence that other symptoms 
were not associated with colorectal cancer.

2.9	 �Other Risk Predictors

In our primary clinical study, age was significantly associated with colorectal can-
cer, with the risk increasing with increasing age. Compared to people aged less than 
50 years, people older than 70 years had an 8.6 times (OR 8.6; 95% CI 4.4–16.8) 
higher risk than colorectal cancer. Those aged between 60 and 69 had a 5.8 times 
(OR 5.8; 95% CI 2.9–11.5) higher risk, and those between 50 and 59 had a 3.8 times 
(OR 3.8; 95% CI 1.9–7.6) higher risk.

The increased incidence of colorectal cancer in higher age groups is well estab-
lished. However, although not reflected in the findings of our study, it has recently 
become evident that colorectal cancer is becoming more common in people less 
than 50 years old [19, 20].

The number of symptoms a person reported was associated with a higher risk of 
colorectal cancer, with those reporting 5–11 symptoms having the highest risk. 
Smoking was also associated with a higher colorectal cancer risk.

Use of non-steroidal anti-inflammatory medications, having a higher level of 
education, being female or having had a colonoscopy within 10 years were all asso-
ciated with lower risk of colorectal cancer. Almost 70% of cancers were in the 41% 
of people who had not had a colonoscopy in the previous 10 years.

A family history or personal history of polyps are accepted risk factors for an 
increased risk of colorectal cancer [21, 22]. In our study, these were associated with 
a lower risk of colorectal cancer. We postulate that in our study this was because 
many of these participants had had prior colonoscopy with removal of adenomas 
when present. The reasons for referral of patients in our study were heterogenous 
and included referral for symptoms evaluation, surveillance and screening.

We found no increased association with body mass index (BMI), use of aspirin, 
or a history of any other bowel disease, such as anal fissure, inflammatory bowel 
disease, haemorrhoids, previous bowel resection and diverticular disease.
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2.10	 �Combination of Symptoms and Risk Factors

In a clinical setting, symptoms are seldom reviewed in isolation, and all available 
information is included in making a diagnosis and plan for further investigation and 
management. We therefore assessed all the symptoms and risk factors in a multi-
variate model and also assessed their incremental value.

The association noted for symptoms on their own was no longer evident for some 
symptoms when all symptoms and risk factors were taken into account together. 
Although family history of colorectal cancer, history of colorectal polyps, irritable 
bowel symptom syndrome all decreased the risk of cancer and smoking increased 
the risk when assessed individually, none of these remained significant risk factors 
in the multivariable risk model. This implies that these associations were not due 
directly to the factors themselves, but are in part explained by their association with 
other factors. The following factors were found to increase the risk of colorectal 
cancer in the multivariate model (Table  2.2): Rectal bleeding, rectal mucus, and 
abdominal pain—all occurring weekly and having been present for less than 12 
months; increasing age, being male; and history of anaemia. Having had a colonos-
copy in the previous 10 years, use of non-steroidal anti-inflammatory medication 
and aspirin, decreased the risk.

The risk associated with increased age was greater that for symptoms. Using 
estimates of sensitivity and specificity across all values of the probability of colorec-
tal cancer to construct a ROC curve for each model, we compared the accuracy of 
each model using the AUC (area under the curve). With only symptoms found to be 
significant in the model, the AUC was 0.69, whereas it was 0.67 with only age in the 
model. Adding gender to the model increased the AUC to 0.76, and this increased 
further to 0.79 when a history of diverticular disease and use of non-steroidal anti-
inflammatory medication and aspirin were included.

The risk determined by taking all the symptoms and risk factors into account 
discriminates well between those with and without cancer, and can be used to cal-
culate the predicted probability for colorectal cancer for any individual based on 
their age, medical history and symptoms. For example, a female, younger than 50 
years with abdominal pain present for longer than 12 months has a cancer risk of 
0.1%, compared to a 27% risk in a 70-year-old man with rectal bleeding present for 
less than 12 months and occurring frequently.

2.11	 �Implications for Clinical Practice

It is common in clinical practice to perform a colonoscopy in patients with symp-
toms, often with the aim of detecting or ruling out colorectal cancer [23]. Evaluating 
symptoms individually, symptoms such as urgency, anal pain, abdominal lump and 
anal lump do not indicate an increased risk of colorectal cancer. Some bowel symp-
toms such as rectal bleeding, change in bowel habit and weight loss are associated 
with colorectal cancer, but not with high diagnostic value. Rectal mucus and abdom-
inal pain are also associated with colorectal cancer but only for those people who 
have their symptoms at least weekly and for less than 12 months.
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However, as occurs more commonly in clinical practice, symptoms are not evalu-
ated in isolation of other factors or of each other. In this situation, rectal bleeding, 
rectal mucus, and abdominal pain—all occurring weekly and having been present for 
less than 12 months, increasing age, being male, and history of anaemia all increase 
the colorectal cancer, while having had a colonoscopy in the previous 10 years, use 
of non-steroidal anti-inflammatory medication and aspirin, decrease the risk.

With symptoms occurring much more frequently than cancers, and with the rela-
tively low predictive value of symptoms, many patients with symptoms would have 
to undergo a colonoscopy to find one cancer. The predicted probability of colorectal 
cancer influences this. If the predicted value of colorectal cancer is <0.5%, 344 
people would have to have a colonoscopy to detect one cancer. However, at the other 
extreme, if the predicted probability of cancer is more than 20%, only three people 
would need to have a colonoscopy to detect one cancer. Over 40% of people without 
cancer would be in the group with less than 0.5% predicted probability, while only 
about 5% of the cancers would be in this group. In our study, 95% of cancers could 
have been detected by doing only 60% of the colonoscopies, which highlights that 
a tool for better predicting when to undertake colonoscopy would be useful.

Increasing age is a known risk factor for colorectal cancer. Comparison of the 
predictive value of age alone to that of symptoms considered jointly, shows that the 
addition of symptoms provides little additional accuracy. Thus, even though the 
incidence of colorectal cancer is increasing in younger people, it still occurs much 
more commonly with increasing age and the number needed to investigate to find 
one cancer in young people remains high.

The lack of clinical usefulness of most symptoms is also confirmed by the posi-
tive likelihood ratio of the symptoms. To provide strong evidence for ruling in dis-
ease, a positive likelihood ratio should be greater than 10 [24]. Faecal occult blood 
tests have been shown to have positive likelihood ratios of up to 47.4 [25]. In our 
systematic review, weight loss was the symptom with the highest positive likelihood 
ratio of 2.5. This means that a person with weight loss has less than a threefold 
increase in colorectal cancer risk. However, weight loss is generally a non-specific 
symptom, and in most of the studies included in this meta-analysis was analysed in 
a population already selected for being of sufficiently high risk of colorectal cancer 
to warrant investigation for colorectal cancer. Apart from weight loss and rectal 
bleeding, the positive likelihood ratio of other symptoms was around one.

The usefulness of bowel symptoms for the diagnosis of colorectal cancer also 
needs to be considered in the context of other tests available. In a systematic review 
of immunochemical faecal occult blood tests, the median OR for a positive test was 
20.2 [25]. This is several times higher than the highest OR for any symptom—
bleeding, occurring weekly and present for less than 12 months had an OR of 4.3.

Given the frequency of symptoms in the population and the relative high inci-
dence of colorectal cancer, it is perhaps not surprising that people who are investi-
gated for symptoms, irrespective of the symptom or indeed of its inherent accuracy 
in predicting the disease, may be found to have cancer. However, symptoms by 
themselves offer little diagnostic value, and even less additional value when added 
to other known risk factors such as age, or easily available screening tests such as 
faecal occult blood tests.
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2.12	 �Medicolegal and Other Influences on the Provision 
of Colonoscopy

There are many drivers of the demand for colonoscopy. These may be consumer 
driven or come from primary care physicians or the medical and surgical specialists 
who provide colonoscopy. One such driver is the practice of defensive medicine. 
This is defined as a doctor’s deviation from what is accepted as good clinical care in 
order to mitigate criticism, complaints, or legal action by patients [26]. Unnecessary 
investigations and procedures may be ordered when the practitioner knows that 
these are not warranted based on the patient’s presenting symptoms or are not in 
accord with local practice guidelines for screening or surveillance, but are done to 
avoid complaints. A survey of practices of Japanese gastroenterologists [27], 
reported that 5% of these often ordered more tests than medically indicated and 
16% often recommended invasive procedures such as biopsy solely for defensive 
reasons. According to a survey of gastroenterologists conducted by Eli [28] some 
practitioners found such defensive medicine practices reassuring. This may be due 
in part to rising litigation rates in parts of the world, including the UK, Australia and 
Japan. In the US, 88% of doctors will have at least one lawsuit made against them 
during their career (quoted in Elli [28]).

There are many other drivers of doctors’ test ordering behaviour. In countries 
where colorectal cancer is common, there may be heightened community recogni-
tion of the disease due to community awareness campaigns, public health advertis-
ing and screening programs. Much community information is centred on having 
symptoms evaluated, irrespective of the evidence base for such advice. Little won-
der patients then have expectations that a procedure, usually colonoscopy, should be 
done and in many cases, repeated at short intervals.

Pressure to provide colonoscopy to such patients is driven not only by patient 
expectation, but by primary care physician (PCP) expectation also. Irrespective of 
PCPs awareness of the relevance and context of symptoms, by referring patients for 
further evaluation or colonoscopy, PCPs are providing the service the patient wants 
while also covering their own perceived medicolegal risk. For example, 45% of 
claims against Australian GPs are for diagnostic error [29]. Gastroenterologists 
have reported that they have been requested to perform additional “defensive” tests 
and procedures by referring practitioners, both general practitioners and specialists 
[28].

It is difficult for a specialist gastroenterologist or colorectal surgeons to decline 
the request of such a referred patient on the basis that most symptoms are not pre-
dictive of the presence of colorectal cancer. These specialists will know that although 
not predictive, a small proportion of patients will have bowel cancer, whether they 
have relevant symptoms or not. In our CRISP study, 1.9% of participants had 
colorectal cancer, including some who had apparent low risk. Moreover, a substan-
tial proportion had neoplastic polyps, which are overwhelmingly asymptomatic. 
Endoscopic removal of these is known to confer a risk reduction of future colorectal 
cancer [30]. Indeed, it is increasingly perceived by gastroenterologists that colonos-
copy is a powerful tool that is reducing the occurrence of bowel cancer. As such, 
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many, if not most, are willing to engage in “de facto” screening of patients present-
ing with symptoms even when the symptoms have no close correlation with the 
likelihood of colorectal cancer at presentation, knowing that removal of adenomas 
is of value to the patient. In countries where average risk, age related screening 
colonoscopy is funded, there may be less need to use (non-predictive) symptoms as 
the indication for colonoscopy. In some jurisdictions, where the provider of colo-
noscopies receives a fee for service, that incentives may be another driver of the 
provision of services.

Added to all these pressures to provide colonoscopy is the possibility in some 
countries of successful litigation by a patient if a practitioner declines to undertake 
a requested test and a diagnosis of colorectal cancer is delayed. In Australia, for 
example, the judiciary may not be swayed by adherence to medical guidelines and 
these provide no certain protection to the defendant. Moreover, some judges may be 
inclined to regard medical insurance funds as a social insurance to compensate 
patients for adverse outcomes, irrespective of fault. Until, and unless bowel cancer 
screening includes colonoscopy (in addition to faecal occult blood tests) as a widely 
available procedure to the whole at-risk population in a co-ordinated rather than ad 
hoc manner, it is inevitable that lower value colonoscopy screening will be done by 
some doctors who practice defensive medicine. If there is a lack of protection in the 
courts for doctors who practice evidenced based medicine and adherence to guide-
lines this will only be exacerbated.

�Appendix

�Systematic Review: Summary of Methodology
We conducted a comprehensive search of the health literature for all studies evaluat-
ing symptoms and colorectal cancer. We searched MEDLINE and complete 
EMBASE, using a list of symptoms and diagnoses as MeSH headings, and included 
all papers in English and foreign languages. The search, done in 2006, was done on 
two separate occasions, 6 months apart, and where discrepancies existed, the results 
combined. Once papers were selected for inclusion, we reviewed all the references 
in these as well as from review papers identified. We also reviewed references from 
citations of the selected papers.

For inclusion, papers had to provide sufficient data, either readily available or 
able to be calculated, about both the symptom and diagnosis, in order to assess test 
performance categories (sensitivity and specificity calculated from 2 × 2 contin-
gency tables).

The search yielded 7928 articles. The titles of these were reviewed, and if thought 
to be relevant, the abstract was read. We retrieved 177 papers for full review. From 
these, we identified 62 eligible papers that provided relevant information. There was 
a wide range of symptoms included in the papers, with many papers providing 
information on several symptoms.

We extracted information about all symptoms, as well as combination of symp-
toms, if they were provided. We also extracted data about methodology, quality and 
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population characteristics. Items assessed included the clinical setting of the study, 
its primary purpose, whether participants all had a least one symptom or whether 
some were asymptomatic, and whether each participant could have only one or 
more than one symptoms reported, and study design items (prospective or retro-
spective data collection, year of publication, consecutive patient recruitment, study 
design, reference standard used).

Statistical analysis: Study specific estimates of sensitivity and specificity were 
analysed using the hierarchical summary ROC (HSROC) model of Rutter and 
Gatsonis [31]. This mixed model takes separate account of the uncertainty in the 
estimates of sensitivity and specificity within each study, and includes random study 
effects for both test accuracy and positivity criterion (proxy for threshold), thereby 
taking account of unexplained heterogeneity between studies. Study level covari-
ates were fitted to assess whether test accuracy was associated with study or patient 
characteristics. More detailed descriptions of the methods are provided in the pub-
lication [13].

Quality of papers: Although some studies were of high quality, many were not. 
In some studies, inclusion and exclusion criteria were not stated, the same reference 
standard was not used for all patients in a study, and patients were not recruited 
consecutively (or it was unknown if this was the case). Symptoms were not elicited 
or interpreted consistently in the studies. There was also no consistent reference 
standard used in all studies (fewer than half the papers used colonoscopy as the 
reference standard).

�Primary Clinical Study (the CRISP Study): Summary 
of Methodology

Patients were recruited between April 2004 and December 2006 from the practices 
of 54 gastroenterologists and 27 colorectal surgeons in NSW, Australia. All patients 
were over 18 years. A detailed history of bowel symptoms was obtained from self-
administered questionnaire, which we had validated previously, and has been shown 
to be repeatable within patient and between patient and doctor [32].

All patients over the age of 18 years who were booked to undergo colonoscopy, 
irrespective of the indication for the procedure, were eligible to participate. We did 
not collect information about the indication. Questionnaires were completed within 
6 months or less prior to the colonoscopy.

Elicitation of symptoms: Information was elicited about the following 11 symp-
toms: abdominal and anal pain, change in bowel habit, urgency, rectal bleeding, 
incomplete evacuation, rectal mucous, fatigue, weight loss, abdominal and anal 
lumps. These had an initial main question asking about the presence of the symp-
tom, its characteristics, including severity, duration and timing. If the symptom was 
present, the participant was directed to further sub-questions about detail of that 
symptom, and whether the presence of the symptom alone would prompt seeking 
medical advice. The questionnaire also included questions about history of previous 
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bowel conditions (including bowel resection), anaemia, smoking, use of aspirin and 
non-steroidal anti-inflammatory medications, family history of colorectal cancer 
and demographic information.

Outcomes: We obtained the colonoscopy results of all patients who participated 
in the study. The colonoscopy procedure, histology and follow up of findings were 
done blinded to the symptom questionnaire results. We included only patients who 
had complete examinations of their colon in the final analysis. We considered exam-
inations complete if the caecal pole or beyond was visualised at colonoscopy, or 
where this did not occur, if we received information about follow up investigations 
that evaluated the whole large bowel.

Statistical analysis: The prevalence of colorectal cancer for each of the sub-
groups defined by symptoms, demographics and other health information was cal-
culated. Logistic regression was used to identify which symptoms were associated 
with cancer, individually, and a multiple logistic regression model was used to 
assess symptoms in combination, with all interactions statistically significant from 
previous models included. Backwards elimination was then used to simplify the 
model using likelihood ratio tests with p < 0.05 as the criterion for significance. 
Additional models were fitted to assess the incremental value of variables found to 
be statistically significant in the final multivariable model. More detailed descrip-
tion is given in the paper about this study [16].
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