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The relationship between symptom duration and long-term survival following colorectal cancer is
complex, and a number of factors may influence the length of time from onset of symptoms to can-
cer diagnosis. We prospectively studied 777 consecutive colorectal cancer patients to determine the
association between symptom duration and survival independent of other clinical and pathological
features. We used survival curves, the logrank test and Cox’s proportional hazards model to assess
possible changes in relative risk of death with increasing symptom duration, without making any
a priori assumptions. We found that symptom duration shortened with advanced tumour stage
(P <0.0006) and was also shorter for patients presenting with bowel obstruction (P < 0.0001). Uni-
variate survival analysis showed that long-term survival increased consistently with symptom dur-
ation (P <0.001). However, when the effect of tumour stage and bowel obstruction were accounted
for in a multivariate analysis, no decrease in the relative risk of death was seen as symptom dur-
ation increased. The addition of other variables to the proportional hazards model such as age, sex
or tumour site did not further influence the risk function form of symptom duration. Qur results
suggest that early diagnosis of colorectal cancer should remain our goal when assessing patients
with suggestive gastrointestinal symptoms. © 1997 Elsevier Science Ltd.
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INTRODUCTION
COLORECTAL CANCER is one of the most common cancers in
the European Community, with over 150000 cases per year
[1]. The majority of large bowel cancers follow an orderly
progression from normal mucosa to adenomatous polyp,
early cancer and advanced disseminated disease [2] and
long-term survival is inversely related to the extent of dis-
ease at surgery. This provides a rationale for asymptomatic
screening, and both faecal occult blood testing and flexible
sigmoidoscopy have been shown to reduce colorectal can-
cer-related mortality in average-risk populations [3, 4]. In
addition to asymptomatic detection, a number of research-
ers have suggested that colorectal cancer mortality might
also be decreased following early symptomatic detection
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through intensive case-finding, raising awareness of colorec-
tal cancer symptoms in the population and the provision of
open-access sigmoidoscopy [5-7]. However, many factors
may influence the length of time from onset of symptoms to
cancer diagnosis. These include the biological activity of the
primary tumour, cultural influences, the fears and anxieties
of individual patients and delays associated with health
provision [8-11], all of which may interact in a complex
manner [12].

Previous studies have attempted to assess the relationship
between the duration of colorectal cancer symptoms, staging
and survival, with conflicting results. Symptom duration
was unrelated to colorectal cancer stage or survival in a
number of studies [8, 9, 13-18], while others found that
patients with a long symptom duration tended to have
higher survival rates {19-22]. However, methodological pro-
blems have beset a large number of these studies, the ma-
jority being retrospective analyses of relatively few subjects
and with inadequate follow-up times. In addition, univariate
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survival analyses failed to correct for potentially important
or confounding clinical and pathological variables as pro-
posed by Porta’s group [23]. Finally, an important draw-
back of previous studies is that no attempt was made to
determine the actual shape of the symptom duration risk
function, that is, the change in relative risk of death with
increasing symptom duration. We have prospectively studied
a large consecutive series of colorectal cancer patients and
have attempted to determine the association between symp-
tom duration and survival independent of other clinical and
pathological features, and without making a priori assump-
tions about the possible form of the symptom duration risk
function.

PATIENTS AND METHODS

Seven hundred and seventy-seven consecutive sympto-
matic colorectal cancer patients (median age 68.4 years;
range 26-92; males 417) admitted to St Vincent’s Hospital,
Dublin, between 1983 and 1992 were prospectively studied.

Patients were interviewed by a research registrar prior to
diagnosis where possible, although many undergoing emer-
gency surgery were interviewed postoperatively. Patients
were questioned about the time of onset of symptoms which
could be attributed to colorectal cancer and were specifi-
cally questioned about the occurrence of rectal bleeding,
constipation, diarrhoea, tenesmus, weight loss, abdominal
pain and the presence of a noticeable mass. Bowel obstruc-
tion was defined on clinical, radiographic and operative cri-
teria [24]. Symptom duration was defined as the time
between the onset of the first symptom and the date of sur-
gery. Patients with bowel obstruction who had other, non-
emergency, symptoms prior to obstruction were also ques-
tioned about the time of onset of obstructive symptoms.
Twenty-one patients presenting as emergencies with either
bowel perforation or a combination of perforation and
obstruction were included with obstructed patients for the
purpose of analysis.

All clinical, pathological and follow-up data were entered
in a computerised colorectal cancer database as the infor-
mation became available. Patients were followed up at three
monthly intervals for the first year and yearly thereafter.
Twenty-six patients (3.3%) were lost to follow-up over the
12 years of the study. The median follow-up of these
patients was 4.8 years (range 1.2-10.2 years) prior to loss.
For the purpose of survival analysis, patients lost to follow-
up were censored at the time last known to be alive.
Follow-up ended in January 1995 and median follow-up
time was 5.4 years in patients alive at that time (including
those lost to follow-up).

The left colon included the sigmoid colon, descending
colon and splenic flexure. Tumours were staged according
to the American Joint Committee on Cancer TNM staging
system [25]. For the purposes of this study, tumours were
divided into four stages. Stage I; T1-2, NO, MO: stage II;
T3-4, M0, NO: stage III; T1-4, N1-3, MO: stage IV; any T,
any N, M1 or Tx, Nx, M0-1.

Statistical methods

Associations between categorical variables were compared
with the chi-square test. Non-parametric data were assessed
with the Mann-Whitney U test, and Cuzick’s test for trend
was used to compare non-parametric data across multiple
groups [26]. Kaplan—Meier survival curves were constructed
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Figure 1. Histogram showing symptom duration. Group A,

0-0.1 months; B, >0.1-0.2 months; C, >0.2-0.3 months; D,

>0.3-0.5 months; E, >0.5~0.9 months; F, 1 month; G, >1-1.75

months; H, >1.75-2 months; I, >2-3 months; >3-4 months;

K, >4-6 months; L, >6-9 months; M, >9-12 months; N, >12
months.

with cancer-related death as the end point. Secondary ana-
lyses were performed with all cause mortality as the end-
point to correct for any potential bias in the reporting of
deaths. Differences in survival between groups were com-
pared using the logrank test or the logrank test for trend as
appropriate [27]. Multivariate survival analyses were per-

Table 1. Relationship berween clinico-pathological variables and
symptom duration (months) in 777 colorectal cancer patients

Number
of cases

Sympton duration
(median [I.Q. range]) P value

Year of diagnosis

A (1983-1985) 155 2.0 (1.0-6.0)
B (1985-1987) 156 2.0 (1.0-5.0)
C (1987-1989) 155 3.0 (0.8-6.0) 0.54*
D (1989-1991) 156 2.0 (0.8-5.0)
E (1991-1992) 155 3.0 (1.5-5.0)
Patient age
A (26-56 years) 155 3.0 (1.0-6.0)
B (56—64 years) 156 2.5 (1.0-4.4)
C (64-71 years) 155 3.0 (1.5-6.0) 0.07*
D (71-76 years) 156 2.0 (1.0-6.0)
E (76-92 years) 155 2.0 (0.8-5.0)
Patient sex
Male 417 3.0 (1.0-6.0) 0.60F
Female 360 2.0 (1.0-5.0)
Bowel obstruction
Absent 616 3.0 (1.5-6.0) <0.0001t
Present 161 0.8 (0.3-3.0)
Tumour site
Rectum 324 3.0 (1.5-6.0)
Left colon 226 2.0 (0.8-4.0) 0.002*
Right colon 227 2.5 (0.8-5.0)
Tumour stage
Stage I 84 3.0 (1.3-6.0)
Stage II 270 3.0 (1.3-6.0) 0.0006*
Stage 111 199 3.0 (1.8-6.0)
Stage IV 224 2.0 (0.8-4.0)

1.Q. range, interquartile range.
*Cuzick’s test for trend.
1t Mann-Whitney U test.
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Table 2. Relationship between tumour site and bowel obstruction
in 177 colorectal cancer patients

No obstruction Obstruction

(n=616) (n=161) P value*
Tumour site
Rectum (7 = 324) 297 (92%) 27 (8%)
Left colon (n = 226) 149 (66%) 77 (34%) <0.0001
Right colon (n = 227) 170 (75%) 57 (25%)

*Chi-square test {two degrees of freedom). P value for difference
between left and right colon was 0.04.

formed with the Cox proportional hazards model using the
Statistical Package for the Social Sciences (SPSS, Chicago,
Illinois, U.S.A.). Model assumptions were verified by ob-
serving constant vertical differences between plots of the
logarithm of the integrated hazard function for each variable
[28]. P values are two-sided and P values less than 0.05
were considered statistically significant in all analyses.

The distribution of symptom duration was divided into
quintiles in order to develop usable risk function forms of
the effect of symptom duration on survival (group A, symp-
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toms <1 month; group B, symptoms 1-2 months; group C,
>2-3 months; group D, symptoms >3—6 months; group E,
symptoms >6 months). The resulting groups contained
different numbers of patients, but were as close to quintiles
as it was possible to achieve. The risk of cancer-related
death for patients in groups B, C, D and E was calculated
relative to that of patients in group A (the reference group).

Risk function forms for symptom duration were calcu-
lated using the Cox proportional hazards model. Other fac-
tors such as patient age, patient sex, bowel obstruction,
tumour site and tumour stage were introduced into the pro-
portional hazards model sequentially and their effect on the
symptom duration risk function form was noted.

RESULTS

Symprom duration and clinico-pathological variables

Figure 1 shows the distribution of symptom duration in
14 different groups. The median symptom duration for the
patient population was 3 months (mean 3.88 months; range
1 day-2 years). Table 1 shows the relationship between
symptom duration and clinico-pathological variables in all
777 patients. There was a trend towards longer symptom
duration in younger than in older patients (P=0.07), but

Table 3. Univariate survival analysis and multivariate Cox regression analysis of chinical and pathological features in 777 colorectal
cancer patients

Univariate analysis

Final regression model

Number of cases % 5 year survival P value Relative risk (95% CI) P value
Time of diagnosis (year)*
A (1983-1985) 155 33.3
B (1985-1987) 156 47.8
C (1987-1989) 155 43.7 0.26%
D (1986-1991) 156 42.9
E (1991-1992) 155 47.9%
Patient age*
A (26-56 years) 155 42.1
B (56—64 years) 156 40.7
C (64-71 years) 155 47.9 0.33%
D (71-76 years) 156 42.9
E (76-92 years) 155 35.7
Patient sex
Male 417 39.9
Female 360 44.5 0.32§
Symptom duration*
A (< 1 month) 165 30.7
B (1-2 months) 206 37.2
C (> 2-3 months) 114 43.5 <0.0001%
D (> 3-6 months) 179 50.3
E (> 6 months) 113 53.1
Bowel obstruction
Absent 616 47.1 <0.0001§ 1
Present 161 20.9 1.4 (1.2-1.8) 0.0008
Tumour site
Rectum 324 43.6
Left colon 226 36.1 0.19%
Right colon 227 455
Tumour stage
Stage I 84 83.1 1
Stage II 270 64.2 <0.0001% 2.4 (1.4-4.1) 0.002
Stage 111 199 38.8 4.8 (2.9-8.3) <0.0001
Stage IV 224 3.0 20.7 (12.1-35.4) <0.0001

CI, confidence interval. *Entered as continuous variable into multivariate analysis. TPer cent survival at 4 years. jLogrank test for trend.

§Logrank test.
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Figure 2. Proportion of patients within each tumour stage
with symptoms <1 month (group A); 1-2 months (group B);
>2-3 months (group C); >3-6 months (group D); and >6
months (group E). Figures within bars represent numbers of
patients within each symptom duration group.

symptom duration was unrelated to year of diagnosis
(P = 0.54) or patient sex (P = 0.60). Twenty-one per cent of
cases presented with bowel obstruction, and these patients
had a shorter symptom duration when compared to those
without obstruction (P < 0.0001). Symptom duration was
longer for patients with rectal cancer than those with colon
cancer, and was shortest for those with tumours situated in
the left colon. This finding may be related to the high inci-
dence of obstruction tumours sited in the left colon when
compared to the rectum (Table 2). Patients with stage IV
disease had the shortest symptom duration (Table 1;
P=0.0006). Figure 2 shows that a relatively large pro-
portion of patients with early staged disease had symptoms
for longer than 6 months and that relatively few had symp-
toms for less than 1 month prior to diagnosis (chi square
test for trend, P = 0.0001).

Univariate survival analysis

Five-year survival of the patient population was 42%, and
the median survival time was 3.2 years. Table 3 and
Figure 3 show the results of a univariate survival analysis of
patients stratified by clinical and pathological features.
Survival was unrelated to patient age, patient sex or tumour
site. Tumour stage was the most powerful prognostic indi-
cator studied and only 3% of patients with stage IV disease
survived five years. Five-year survival was poor for those
presenting with bowel obstruction compared to those with-
out obstruction (? < 0.0001). The univariate survival analy-
sis also showed that survival increased consistently with
symptom duration (Table 3 and Figure 3; P< 0.0001). The
five-year survival rate was 53% for patients with symptoms
greater than six months compared with 31% for those with
symptoms less than one month. OQur secondary analysis clo-
sely paralleled our primary analysis except for older patients
who had a higher all-cause mortality when compared with
younger patients (data not shown).

H.E. Mulcahy and D.P. O’Donoghue

(a)
1.0 7

0.9 1
0.8 1
0.7
0.6 1
0.5 A
0.4 1
0.3 1
0.2 1
0.1 1
0.0 T T T

Stage | (n=84)

Stage HI (7=199)

Proportion surviving

Stage IV (n=224)

-

—_
o
~

1.0 1
0.9 1
0.8 1
0.7 1
0.6
0.5 A
0.4 -
0.3 1

0.2

014 — No obstruction (n=616)
' — Obstruction (n=161)
0.0 ¥ T T
0 1 2 3 4 5

1.0
0.9 -
0.8
0.7 1
0.6 T
0.5 A
0.4 -
0.3 1

Proportion surviving

~
o
~—

>6 months (n=113)

>3-6 months (7=179)

0.2 >2-3 months (N=114)

1-2 months (1=206)

01 <1 month (n=165)

0.0 T T T
0 1 2 3 4 5

Time (years)

Proportion surviving

[T ]

.

Figure 3. Five-year survival of 777 colorectal cancer patients
stratified by (a) tumour stage, (b) presence of bowel obstruc-
tion at operation and (¢) symptom duration.

Mulrivariate survival analysis

All clinical and pathological variables were entered into a
Cox regression model to determine features independently
related to cancer death, and the final model is shown in
Table 3. Tumour stage and the presence of bowel obstruc-
tion were the only variables included in the final model, and
both forward and backward regression produced the same
result. In the final model, the risk of death for patients with
bowel obstruction is relative to that of unobstructed
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Figure 4. Risk function form of the effect of symptom duration on survival in 777 colorectal cancer patients. (a) Unadjusted

risk function form. (b) Risk function form adjusted for bowel obstruction (fine line represents superimposed unadjusted risk

function form). (c) Risk function form adjusted for tumour stage. (d) Risk function form adjusted for both bowel obstruction

and tumour stage. Error bars represent 95% confidence intervals. Note that solid lines do not represent a continuum of risk,
and that risk is only indicated at the 5 quintile points.

patients, while the risk of death for patients with stage II,
III and IV disease is relative to that of patients with stage I
disease. Although symptom duration was significantly re-
lated to outcome by univariate analysis, this variable was
not included in the regression model because of its close as-
sociation with both bowel obstruction and tumour stage.

Unadjusted and adjusted risk function forms for symptom
duration

Figure 4 shows the unadjusted and adjusted risk function
forms for symptom duration. Figure 4(a) shows that the
relative risk (RR) of death fell consistently with increasing
symptom duration and was significantly lower for patients
within group D (RR 0.64, 95% CI 0.49-0.85, P=0.002)
and group E (RR 0.55, 95% CI 0.40-0.76, P=0.0003)
compared to group A. When symptom duration was cor-
rected for the confounding effect of bowel obstruction
(Figure 4(b)), the relative risk of death was found to rise in-
itially before again falling as symptom duration increased
further. In this model the relative risk was significantly

lower for patients within group E (RR 0.69, 95% CI 0.40—
0.97, P=0.03) compared to group A. When symptom dur-
ation was adjusted for tumour stage (Figure 4(c)), the rela-
tive risk decreased only slightly as symptom duration
increased, and no significant differences in relative risk were
seen between quintiles. Finally, Figure 4(d) shows the risk
function form when symptom duration was adjusted both
for bowel obstruction and tumour stage. In this model, the
relative risk of death for patients in all five groups was close
to 1. Further addition of other variables to the model
including age, sex and tumour site did not alter the symp-
tom duration risk function form to any significant extent
(data not shown). Figure 5 shows the risk function form for
symptom duration when stratified by tumour stage. The risk
of death was highest for patients with stage I/II tumours
and for stage IV tumour who had a short duration of symp-
toms. Patients with stage III disease with symptoms for
between 1 and 2 months had an especially high relative risk
of death.
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Figure 5. Risk function form of the effect of symptom dur-
ation on survival in 777 colorectal cancer patients stratified
by tumour stage.

Bowel obstruction and other symptoms prior to obstruction

In the subset of patients with bowel obstruction at diag-
nosis, obstruction was noted as the only presenting feature
in 94 (58%) of the 161 cases (Table 4). The remaining 67
patients (42%) had experienced other non-obstructive color-
ectal symptoms for a median 2.9 months prior to the onset
of obstruction.

DISCUSSION

A number of previous studies have examined the relation-
ship between symptom duration and colorectal cancer survi-
val with conflicting results {8, 9, 13-22]. Porta’s group, in a
more recent study of seven different cancer types, found
that the relationship between symptom duration and survi-
val could be influenced by other variables and that the rela-
tive risk of death did not necessarily change in a linear
manner as symptom duration increased [23]. The results of
our study confirm the complex relationship between symp-
tom duration and colorectal cancer outcome. Although the
duration of symptoms correlated inversely with survival in
our simple univariate analysis, this resulted from a close in-
teraction with both the mode of presentation and tumour
stage. Thus, symptom duration had no effect on colorectal
cancer outcome when we corrected for these more powerful
clinical and pathological variables in a multivariate analysis.

In common with most other studies of colorectal cancer,
we found that both tumour stage and the presence of bowel
obstruction at diagnosis were important and independent
variables affecting outcome in our patient population (29—
32]. In addition, both of these features were significantly re-
lated to symptom duration. It is hardly surprising that

Table 4. Duration of bowel obstruction (months; median [inter-
quartile range]) and duration of symptoms prior to bowel obstruc-
tion 1n 161 colorectal cancer patients

Obstruction as
first symptom

Other symptoms
as first symptom

(n=94) (n=67)
Duration of bowel obstruction 0.3 (0.2-0.5) 0.3 (0.2-0.5)
Symptom duration prior to
onset of bowel obstruction - 2.9 (1.8-4.5)
Total symptom duration 0.3 (0.2-0.5) 3.0 (2.0-5.0)
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patients with bowel obstruction or perforation tended to
present as emergencies soon after the onset of these intru-
sive symptoms, but is is less clear why symptom duration
was inversely related to tumour stage. A possible expla-
nation is that a proportion of patients with pathologically
advanced disease at diagnosis had fast-growing biologically
aggressive tumours which caused a relatively rapid onset of
debilitating symptoms [22]). However, one would need to
assess the relationship between tumour stage and the
increase in severity of individual symptoms over time to
determine if this was indeed the case.

The main finding from our study was that there was little
association between symptom duration and patient survival
when symptom duration was corrected for other important
prognostic variables. However, this does not necessarily
imply that a reduction in diagnostic delay will have little or
no effect on improving colorectal cancer outcome, as
suggested by some authors [8, 9, 33]. Firstly, although we
took care to measure symptom duration accurately, we can-
not rule out the possibility that recall biases in ill patients or
interactions between symptom duration and other unmea-
sured psychological or social factors might have affected our
results {23, 34]. Secondly, the lack of correlation between
symptom duration and survival in a large population does
not exclude the possibility that individual tumours progress
during the symptomatic period and that such cases would
benefit from early symptomatic diagnosis [14, 19, 34].
Finally, we found that over 40% of patients presenting with
bowel obstruction had experienced other symptoms prior to
the onset of obstruction. Early presentation and investi-
gation of these patients would certainly have led to fewer
cases of obstruction, known to be an independent risk factor
for both postoperative and long-term mortality [30-32].
Taking these factors into account, it seems sensible to con-
clude that early diagnosis of colorectal cancer should remain
our goal when assessing patients with suggestive gastrointes-
tinal symptoms.
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