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Rural and urban differences in stage at diagnosis of
colorectal and lung cancers 
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Therapeutics, Aberdeen University Medical School, Foresterhill, Aberdeen, AB25 2ZD 

Summary There is evidence that patients living in outlying areas have poorer survival from cancer. This study set out to investigate whether
they have more advanced disease at diagnosis. Case notes of 1323 patients in north and northeast Scotland who were diagnosed with lung
or colorectal cancer in 1995 or 1996 were reviewed. Of patients with lung cancer, 42% (69/164) living 58 km or more from a cancer centre had
disseminated disease at diagnosis compared to 33% (71/215) living within 5 km. For colorectal cancer the respective figures were 24%
(38/161) and 16% (31/193). For both cancers combined, the adjusted odds ratio for disseminated disease at diagnosis in furthest group
compared to the closest group was 1.59 (P = 0.037). Of 198 patients with non-small-cell lung cancer in the closest group, 56 (28%) had
limited disease (stage I or II) at diagnosis compared to 23 of 165 (14%) of the furthest group (P = 0.002). The respective figures for Dukes A
and B colorectal cancer were 101 of 196 (52%) and 67 of 172 (39%) (P = 0.025). These findings suggest that patients who live remote from
cities and the associated cancer centres have poorer chances of survival from lung or colorectal cancer because of more advanced disease
at diagnosis. This needs to be taken into account when planning investigation and treatment services. © 2001 Cancer Research Campaign
http://www.bjcancer.com
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In Scotland, colorectal and lung are the two most common can
affecting both men and women (ISD, 1999). For both canc
stage at diagnosis is a key indicator of prognosis. Overall 5-
survival for colorectal cancer is about 35% but this varies fr
83% for tumours limited to the bowel wall (Dukes A) to 3% f
tumours with distant metastases (SIGN, 1997; Summerton, 19
The 30% of patients who present as emergencies fair worse
those presenting electively – 29% versus 39% 5-year surv
(SIGN, 1997). For lung cancer, overall 5-year survival is only 6
7%, but again this varies considerably according to stag
diagnosis – there is 60 to 80% 5-year survival for stage I dise
but less than 5% 5-year survival for stage IIIb/IV (SIGN, 199
Summerton, 1999). 

Recognition of the benefits of specialized cancer care has le
the reshaping of cancer services in the United Kingdom (EAG
1995; Selby et al, 1996). There is a potential problem, howe
that specialization may be accompanied by centralization and
has implications for about 20% of the United Kingdom populat
who live in rural areas. In France and the United States r
patients have been reported to have more advanced disea
diagnosis (Liff et al, 1991; Launoy et al, 1992), but there is limi
research on this in the United Kingdom. In Scotland, outly
patients have been shown to have with less chance of diag
before death from common cancers (Campbell et al, 2000). 
association was found using distance from cancer centres (w
are located in the major centres of population) as the rural fact
cers
stry.
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was not clear from the Scottish analysis, however, whet
outlying patients who were alive when their cancer was diagno
had more advanced disease than those resident in other 
because data on stage at diagnosis were not collected or anal

This study set out to investigate whether outlying patients 
more advanced disease at diagnosis. The main hypotheses 
tested were that patients remote from cancer centres were 
likely than those who lived nearby to present 1) with dissemina
disease and 2) as emergencies. 

METHODS 

Setting 

The study was set in north and northeast Scotland. About hal
population and most cancer services were concentrated
Aberdeen and Inverness, each of which had a designated ca
centre (EAGC, 1995). At the time of the study, 5 smaller gene
hospitals (bed numbers ranging from 28 to 140) provided a v
able amount of radiology, endoscopy and colorectal surgery (I
1995). Most colorectal surgery and chemotherapy and all ra
therapy were conducted in Aberdeen and Inverness. All thor
surgery was conducted in Aberdeen. 

Subjects 

Data on all (1998) patients resident in Grampian and Highla
Health Board areas and diagnosed with lung or colorectal can
in 1995 and 1996 were obtained from the Scottish cancer regi
Cases that could not be matched to 1991 census output area
or whose cancer was registered from hospitals outside Gram
or Highland (27) were excluded. The remaining 1960 cases w
divided into groups according to health board area of reside
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cancer site (lung or colorectal) and distance from a cancer ce
(less or more than a straight line distance of 38 km). Us
computer-generated random numbers a random sample of
cases was selected from each group in Grampian and 100 
from each group in Highland. In one of the stratified groups
Grampian, there were 248 cases, so all were included. The 
sample comprised 1398 cases. 

Clinical data abstraction 

Clinical data were abstracted from case notes at teaching
general hospitals in Grampian and Highland by NC and AE us
standardized protocols. Disease stage at diagnosis was abst
or deduced from data in case notes where possible. Case 
from general practitioner-led facilities (general practices and m
community hospitals) were not reviewed. 

Outcomes 

The main outcome was the presence of disseminated disea
diagnosis, which was defined as distant metastases for color
and non-small-cell lung cancers and extensive disease for s
cell lung cancer (SIGN, 1997, 1998). Secondary outcomes w
emergency presentation to hospital (both cancers), emerg
surgery (colorectal cancer only), Dukes stage for colorectal ca
and ISS stage for lung cancer (SIGN, 1997, 1998). 

Main independent variable 

The main independent variable was distance to the nearest c
centre. This rural indicator was selected because it has previo
been found to be associated with poorer survival (Campbell e
2000). Straight line distances were calculated between patie
place of residence (output area centroids were used – see b
and cancer centres in Aberdeen and Inverness. For ana
patients were split into 4 groups according to their distance f
the nearest cancer centre: 0 to 5 km, 6 to 37 km, 38 to 57 km
≥58 km. The cutpoints, which approximate to population quart
for Grampian and Highland, were pre-set on the basis o
previous study (Campbell et al, 2000). 

Additional independent variables 

Other variables included in the analysis were settlement s
deprivation, health board of residence, sex, age, smoking s
and cancer site. Cases were assigned indices for depriva
distance to a cancer centre and settlement size based on
census data. Standard area-based indicators (based on 
sectors) have been criticized as insensitive in rural areas w
postal sectors cover large areas, and affluence and poverty
coexist in close proximity (Cox, 1998). In order to improve se
itivity, we used the smallest geographical units on which cen
data were available for Scotland in the 1991 census – output a
There were 5179 output areas in Grampian and Highland w
median population of 127 (interquartile range 101–164). This 
of very small areas units has been found previously to en
inequalities to be shown even in rural areas (Reading et al, 1
Campbell et al, 2000). 

Settlement size was included as a second rural indicator fo
previously to be associated with health (Weinert and Boik, 19
Categories were assigned according to the size of conurbatio
© 2001 Cancer Research Campaign
ntre
ing
250
ases

 in
total

and
ing
acted
notes
ost

se at
ectal
mall
ere
ncy
cer

ncer
usly
t al,
nts’
low)

ysis,
om
 and
les
f a

ize,
atus
tion,
1991
ostal

here
 can
s-

sus
reas.
th a
use
ble

993;

und
5).
n of

which each output area was part at the time of the 1991 cen
The categories were 100 000 to 1 000 000, 10 000 to 100 0
1000 to 10 000, 500 to 1000, and <500. Deprivation has b
shown to be associated with later stage at diagnosis and po
cancer survival (Ionescu et al, 1998; Coleman et al, 1999). In 
study, deprivation scores were calculated using the method
Carstairs and Morris (1990), but with output areas as 
geographical units. The score is based on 4 elements: male u
ployment, overcrowded housing, car ownership and low so
class. Output areas were divided into ‘deprivation’ quintiles (ea
containing approximately one fifth of the population) with th
least deprived coded ‘1’ and the most deprived coded ‘5’. 

Analysis 

Data were managed using Microsoft Access version 2 
analysed using SPSS for Windows release 9. In the first insta
outcome data were analysed separately for each cance
outcomes (disseminated disease at diagnosis and emerg
presentation to hospital) were the same for both cancers s
increase statistical power, data were also analysed on both ca
combined. Outcomes were compared for all categories of the m
independent variables using the chi square test. Logistic regres
was used to model the main variables and adjust for the additi
variables as appropriate. 

RESULTS 

Of the stratified random sample of 1398 cases, 4 were found t
duplicates and one did not have cancer. Of the remaining 1
cases, notes were traced and reviewed for 1323 cases (95%
terms of the main independent variables and other available d
there were no important differences between cases whose n
were reviewed and those whose notes were not (Table 1). In te
of the main outcomes, data on the presence of dissemin
disease were not deducible from cases notes for 67 cases 
about half of whom lived more than 58 km from a cancer cen
and most of whom were aged 80 years or more. Data on typ
referral (emergency or otherwise) were not deducible for 78 ca
(6%), but this group had no clinically important differences fro
the others in the main variables. Data on histological type w
present for 512 of 665 lung cancers (77%) – there were no di
ences in proportions between distance groups. 

Table 2 shows that there was a trend for increasing dista
from a cancer centre to be associated with increased likelihoo
disseminated disease at diagnosis. This trend was statisti
significant when data on both cancers were combined. There 
no evidence of an association between distance from a ca
centre and emergency admission to hospital or emergency su
for colorectal cancer. 

The unadjusted odds ratio of disseminated disease at diagn
for patients living 58 km or more from a cancer centre compa
to those living within 5 km was 1.47 (Table 3). Other variabl
which, on univariate testing, had significant relationships w
settlement size, deprivation, health board of residence, cancer
smoking at time of diagnosis and age. When these variables 
modelled using logistic regression, only settlement size, he
board of residence, and cancer site had significant effect
adjusting for these variables, increasing distance from a ca
centre remained significantly associated with higher chance
disseminated disease at diagnosis (Table 3). 
British Journal of Cancer (2001) 84(7), 910–914
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Table 1 Characteristics of cases included and excluded in the analyses

Case notes not Case notes Presence of disseminated Type of referral unknown 
traced ( n = 10) reviewed ( n = 1323) disease unknown ( n = 67) (n = 78)

Distance from cancer centre <5 km 29 (41) 421 (32) 13 (19) 18 (23) 
6–37 km 15 (21) 231 (17) 6 (9) 7 (9) 
38–57 km 13 (19) 312 (24) 14 (21) 26 (33) 
>58 km 13 (19) 359 (27) 34 (51) 27 (35) 

Settlement size 100 000–1000 000 18 (26) 360 (27) 12 (18) 19 (24) 
10 000–100 000 13 (19) 255 (19) 8 (12) 10 (13) 
1000–10 000 21 (30) 430 (32) 28 (42) 35 (45) 
500–1000 5 (7) 62 (5) 8 (12) 1 (1) 
<500 13 (19) 216 (16) 11 (16) 13 (17) 

Deprivation quintile 1 – least deprived 12 (17) 192 (15) 9 (13) 15 (19) 
2 12 (17) 233 (18) 12 (18) 13 (17) 
3 12 (17) 287 (22) 16 (24) 15 (19) 
4 22 (31) 326 (25) 17 (25) 17 (22) 
5 – most deprived 12 (17) 285 (22) 13 (19) 18 (23) 

Health board of residence Grampian 42 (60) 952 (72) 55 (82) 70 (90) 
Highland 28 (40) 371 (28) 12 (18) 8 (10) 

Sex Male 44 (63) 754 (57) 40 (60) 45 (58) 

Age band <59 17 (24) 226 (17) 3 (4) 16 (21) 
60–69 19 (27) 372 (28) 6 (9) 21 (27) 
70–79 22 (31) 468 (35) 17 (25) 27 (35) 
>80 12 (17) 257 (19) 41 (61) 14 (18) 

Cancer site Lung 33 (47) 665 (50) 44 (66) 40 (51) 
Colon 27 (39) 452 (34) 15 (22) 29 (37) 
Rectum 10 (14) 206 (16) 8 (12) 9 (11) 

Values are numbers (percentages) unless otherwise specified. 

Table 2 Numbers (percentages) of cases with disseminated disease at diagnosis, first admitted as emergencies and
(for colorectal cancer) requiring emergency surgery 

Lung cancer Colorectal cancer Both cancers 

Disseminated disease at diagnosis 
Distance from cancer centre <5 km 71/215 (33) 31/193 (16) 102/408 (25) 

6–37 km 33/99 (33) 24/126 (19) 57/225 (25) 
38–57 km 48/143 (34) 27/155 (17) 75/298 (25) 
>58 km 69/164 (42) 38/161 (24) 107/325 (33) 

P value Global 0.251 0.313 0.060 
Trend 0.098 0.112 0.031 

First admitted as emergency 
Distance from cancer centre <5 km 78/215 (36) 68/188 (36) 146/403 (36) 

6–37 km 31/98 (31) 44/126 (35) 75/224 (33) 
38–57 km 51/137 (37) 61/149 (41) 112/286 (39) 
>58 km 70/175 (40) 50/157 (32) 120/332 (36) 

P value Global 0.587 0.420 0.619 
Trend 0.382 0.672 0.731 

Required emergency surgery 
Distance from cancer centre <5 km 29/196 (15) 

6–37 km 14/128 (11) 
38–57 km 29/162 (18) 
>58 km 23/172 (13) 

P value Global 0.388 
Trend 0.906 
More detailed data on stage could be deduced from case 
for 1198 (91%) patients (Table 4). Again, more patients who li
further from cancer centres tended to have unstaged disease. 
91 patients with small cell lung cancer, 39 (43%) had limi
disease at diagnosis, but numbers were too small to draw fu
conclusions. Of 574 patients with non-small-cell lung cancer, 
had stage I or II disease (22%), but this proportion was highe
those living within 5 km of cancer centres (56/198, 28%) a
lower for those living further away (23/165 (14%)). This trend w
British Journal of Cancer (2001) 84(7), 910–914
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statistically significant (P value for linear trend = 0.002). After
adjusting for other significant variables, the odds ratio of stage 
II disease at diagnosis for patients in the outermost categ
compared to the innermost one was 0.39 (95% confidence in
vals 0.22 to 0.68). There was a similar trend for colorectal can
Of all 658 cases, 311 (47%) were Dukes stage A or B at diagn
but this varied from 101 out of 196 (52%) patients living with
5 km to 67 out of 172 (39%) cases living more than 58 km awayP
value for linear trend = 0.035). After adjusting for other significa
© 2001 Cancer Research Campaign
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Table 3 Odds ratios (95% confidence intervals) for the presence of
disseminated disease at diagnosis 

Unadjusted odds ratio Adjusted odds ratio a

(95% confidence (95% confidence
intervals) intervals)

Distance from cancer centre 
<5 km 1 1 
6–37 km 1.02 (0.70,1.48) 1.11 (0.63,1.94) 
38–57 km 1.01 (0.71,1.42) 1.28 (0.71,2.30) 
>58 km 1.47 (1.07,2.03) 1.59 (0.91,2.78) 

P value global 0.060 0.215 
trend 0.031 0.037 

aAdjusted for other variables that remained significant after modelling
(settlement size, health board, and cancer site). 
variables, the odds ratio of stage A or B disease at diagnosis
0.62 (95% confidence intervals 0.32 to 1.23) for patients in 
outermost group relative to the innermost group. 

DISCUSSION 

The main finding of this study was that increasing distance fro
cancer centre was associated with a higher chance of dissemi
disease at diagnosis. In line with this finding, outlying patients 
less chance of limited stage disease at diagnosis. No differe
were detected, however, in the proportion of patients requi
emergency admission to hospital or emergency surgery. 

Strengths and limitations 

The study benefited from a high rate of case note retrieval (9
with no evidence of bias between rural and urban groups. 
required data were deducible from case notes in nearly all c
but there was one difference that may have led to bias in
analysis of disseminated disease at diagnosis – cases for wh
was not clear if metastases were present tended to live further
© 2001 Cancer Research Campaign

Table 4 Stage at diagnosis 

<5 km

Small cell lung cancer 
All cases 27
Limited disease 13 (48)
Extensive disease 13 (48)
Not known 1 (4)

Other lung cancer (ISS stage) 
All cases 198
I 42 (21)
II 14 (7)
III 59 (30)
IV 57 (29)
Not known 26 (13)

Colorectal cancer (Dukes stage) 
All cases 196
A 17 (9)
B 84 (43)
C 55 (28)
D 31 (16)
Not known 9 (5)

Values are numbers (percentages within distance cate
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a cancer centre. Unstaged cancers tend to have poorer prog
than staged cancers (suggesting that they are more advance
this bias is likely to have reduced the differences we repo
between groups rather than increased it (Merrill et al, 1999; P
et al, 1999). The study had limited statistical power to ana
each cancer separately so data on both cancers were combi
some analyses. To prevent this causing confounding, the s
numbers of cases with each cancer were sampled in each dis
group and adjustments were made for cancer site in the ana
The setting for the study in the north and northeast of Scotland
advantages and disadvantages. With the bulk of hospital 
cancer services and about half the population concentrated
locations, and the rest scattered over a large area, it was rela
easy to compare rural and urban differences. On the other ha
is not possible to determine the reasons for the differences
found or their relevance to areas with different characteristics.

Relationship to other studies 

The findings of the study are consistent with related studies, w
were conducted in very different rural areas to those of the n
and northeast of Scotland. In a study of colorectal cance
Calvados (France), Launoy et al (1992) found that women in r
areas were more likely to have metastases at diagnosis than
in urban areas (19% versus 12%). There was, however, no d
ence in men (18% versus 17%). They also found that rural wo
were more likely to present with severe clinical symptoms (2
versus 16%). In the United States, Liff et al (1991) reported 
rural patients in Georgia were more likely to have unsta
tumours (9% versus 3% for colon; 30% versus 12% for lung) 
more non-localized cancers overall (59% versus 54% am
whites and 71% versus 64% among blacks). Our findings are
consistent with previous research in Scotland (Campbell e
2000). In a survival analysis of cancer registrations, patients 
lived further than 38 km from a cancer centre had less chanc
firm diagnosis before death (odds ratios of death before diagn
British Journal of Cancer (2001) 84(7), 910–914

Distance from cancer centre 

6–37 km 38–57 km >58 km 

15 27 22 
7 (47) 13 (48) 6 (27) 
8 (53) 14 (52) 15 (68) 
0 (0) 0 (0) 1 (4) 

88 123 165 
16 (18) 22 (22) 19 (12) 

2 (2) 6 (5) 4 (2) 
37 (42) 42 (34) 59 (36) 
25 (28) 34 (28) 54 (33) 

8 (9) 19 (15) 29 (18) 

128 162 172 
14 (11) 18 (11) 12 (7) 
47 (37) 64 (40) 55 (32) 
39 (30) 42 (26) 50 (29) 
24 (19) 27 (17) 38 (22) 

4 (3) 11 (7) 17 (10) 

gory) 
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were 1.78 for colorectal and 1.14 for lung cancers) and po
survival after diagnosis (hazard ratios were 1.11 for colorectal
1.09 for lung cancer). 

Meaning and implications 

Our findings suggest that the poorer survival observed in outly
patients in Scotland is at least partly explained by them tendin
have more advanced disease at diagnosis. The effect was stro
for patients living more than 58 km (as the crow flies) fro
the nearest cancer centre (and its associated conurbation)
Scotland, this comprises about half a million people (10% of 
total population). Our study does not explain why this associa
was present. Distance from cancer centres does not neces
reflect distance from diagnostic services, at least some of w
would be available more locally (in general practices and lo
hospitals). Difficult access to general services can, however, 
peoples’ attitudes – perceived need is inversely related to rem
ness (Watt et al, 1993). In a qualitative study, patients w
colorectal cancer in remote and rural areas appeared to 
lower expectations when evaluating their care, so may delay 
presentation and be more tolerant of delays in referral than their 
demanding urban counterparts (Bain and Campbell, 2000). They
reported experiencing more hurdles before reaching specialist 
especially if referred via local non-specialist hospitals. 

This study lends further support to the theory that remote 
rural patients are disadvantaged in the early diagnosis of ca
The reasons for this warrant further investigation. In the meant
remote and rural patients require prompt referral and investiga
if they are to benefit from increasingly specialist and centrali
cancer services. 
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