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Abstract
Background—The quality of rectal cancer
surgery at small units has been debated.
No national studies of this issue have been
undertaken and most studies have been
based on insuYcient data to clarify the
controversy. It has been claimed that
observed diVerences in outcomes between
specialised centres and smaller hospitals
are confounded by diVerences in stage/
severity.
Aim—To compare survival after rectal
cancer between hospital catchment areas.
Patients—All patients with rectal cancer
notified to the Swedish Cancer Register in
1973–1992 (n = 30 811) were followed up by
record linkage to the nationwide Death
Register.
Methods—Relative survival—that is, ratio
of observed to expected survival—was
computed as a measure of excess mortality
attributable to rectal cancer. Multivariate
analysis was then performed to estimate
the independent eVects of hospital catch-
ment area categories and age, year of
diagnosis, and duration of follow up.
Results—One year relative survival among
rectal cancer patients residing in catch-
ment areas of large regional hospitals was
76%, compared with 72% for small local
hospitals (p<0.001). A diVerence was al-
ready noted after 30 days and remained
five years after diagnosis. Relative survival
improved considerably overall, but the dif-
ferences between catchment area catego-
ries persisted. These were not reduced by
adjustment for age, time after diagnosis,
or time period in multivariate models.
Conclusion—The diVerences in outcome
between catchment area categories could
not be explained by diVerences in age,
time period, or duration of follow up after
diagnosis. They are unlikely to be ex-
plained by diVerences between catchment
area populations with regard to the aver-
age stage of the disease at which symp-
toms lead to diagnosis. The diVerences
may therefore be attributable to diVerent
strategies for diagnosing and managing
patients with rectal cancer.
(Gut 1999;45:39–44)
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Physicians need to know where their patients
with a suspected or newly diagnosed rectal
cancer are most likely to receive optimal
primary treatment. After many years of debate

it is still uncertain whether such treatment
should be centralised to large units or not.
Advocates of centralisation have argued that
greater experience on the part of the surgical
team will improve the preoperative and peri-
operative staging, maximise local tumour con-
trol, reduce postoperative mortality, and allow
more frequent use of sphincter-saving proce-
dures. Reviews on the relation between hospital
volume and outcome have recently been
published.1 2 Briefly, the evidence for benefits
of centralisation is not compelling, but com-
parisons between hospitals may be confounded
by diVerences in case mix. Many studies are
hampered by being focused mainly on in
hospital mortality, by using non-uniform defi-
nitions of procedures, and by the fact that the
volumes of operations performed are some-
times expressed either by hospital or by physi-
cian. Moreover, most studies are hospital based
and many use only short term follow up.

Recent trials have shown the benefit of
preoperative radiotherapy.3–5 Clinical trials for
comparison of diVerent approaches to the
organisation of surgical services and/or the
eVects of diVerent levels of experience among
surgeons would be unfeasible and probably
unethical. Observational studies may therefore
oVer the only realistic alternative for analysing
diVerences in survival in rectal cancer between
categories of hospitals and temporal trends.

Sweden oVers an ideal setting for studying
these issues for several reasons. Hospital-
provided medical services are population based
and referable to defined catchment areas
within each county. All patients with a
diagnosed cancer can be readily identified from
the nationwide Cancer Registry, and the
individually unique national registration num-
bers allow complete long term follow up of
survival by record linkages.

We took advantage of these prerequisites to
study diVerences in survival between rectal
cancer patients from catchment areas of hospi-
tals that represent diVerent volumes of rectal
cancer surgery and diVerent degrees of spe-
cialisation. We postulated that after standardi-
sation for age and sex, there is little variation
between catchment area populations with
regard to the average stage or severity of the
disease at which symptoms arise and prompt
the patient to contact health care. Hence, as the
availability of medical services is uniform over
Sweden, any diVerences in survival between
catchment areas can be attributed to diVer-
ences in management or the combined quality
of diagnostic and therapeutic eVorts.
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Subjects and methods
SETTING

Sweden has a public health care system based
on county councils. When in-hospital care is
required, the patient normally first attends the
hospital responsible for the catchment area in
which he or she lives. Only after referral from
that hospital, or in cases of emergency, are the
patients admitted to hospitals outside their
catchment area.

There are four diVerent categories of hospi-
tal. Small local hospitals (n = 48) have
catchment areas comprising 30 000 to 100 000
inhabitants, and large local hospitals (n = 19)
have 100 000 or more. County hospitals (n =
23) serve 100 000–250 000 people, and in
addition they receive referrals from local
hospitals in the same county. Regional/
university hospitals (n = 10) have larger catch-
ment areas, and are also referral centres for
county hospitals. Thus these four categories
reflect increasing volumes of admissions and
operations, and successively more specialised
care. There was no organised centralisation of
colorectal cancer surgery during the course of
our study.

STUDY COHORT

Our study cohort consisted of all living persons
with a rectal cancer diagnosis (ICD-7, 154)
notified to the 98% complete nationwide
Swedish Cancer Registry from 1 January 1973
to 31 December 1992.6 We did not include
cases discovered incidentally at autopsy. About
97% of the cases were verified histologically.
The register contained information on date of
birth, date of diagnosis, domicile (county,
municipality, parish), and hospital that re-
ported the malignancy, but not on tumour
stage or treatment given. On the basis of the
domicile noted in the register and detailed
information about the catchment area bounda-
ries obtained from the county councils, each
cancer case was assigned to one hospital catch-
ment area—that is, the catchment area in
which he/she lived at the time of the rectal can-
cer diagnosis.

FOLLOW UP

Record linkage to the nationwide Register of
Causes of Death, using the individually unique
national registration numbers as identifiers,
yielded information about dates of death up to
the end of 1992. Thus the follow up ended on
31 December 1992, and patients not recorded
in the Register of Causes of Death up to that
date were considered to be alive.

STATISTICAL METHODS

The observed survival rates were calculated
according to the actuarial (life table) method.7

Relative survival was computed as the ratio of
the observed survival among the cohort to the
expected survival among individuals in the
general population of the same sex, age (in five
year age groups), and calendar year of
observation.8 9

We performed multivariate analyses on the
entire cohort to estimate the independent
eVects of hospital catchment area category and
co-variates such as age, calendar year of
diagnosis, and duration of follow up. The
analysis was based on grouped annual data and
on a generalisation of the proportional hazards
model, in which the rectal cancer specific haz-
ard rate was assumed to be additive to the haz-
ard rate in the general population.10 11 This
model was formulated as a generalised linear
model, and estimates were obtained by the
maximum likelihood method using the GLIM
statistical software.12 We used categorised
explanatory variables. In addition to models in
which main eVects were analysed, models with
interaction terms were also estimated.

The estimated models were compared with
respect to deviance, which describes the fit of
the model. A deviance of the same order as the
degrees of freedom is normally taken as an
indication of a reasonable fit. However, in
applications with a large number of cases in
each cell, the variability of observed cases is
often greater than that indicated by the
Poisson or binomial theory. We used the
diVerence in deviance in combination with the
pattern and size of the variable estimates as an
indicator of the quality of the diVerent models.
The results are given as relative hazards of
dying from rectal cancer, with 95% confidence
intervals.

Results
Our cohort consisted of 30 811 rectal cancer
patients, of whom 50.2% were men and 49.8%
women. Table 1 shows their distribution
between the catchment area categories and
some baseline characteristics. The relative dis-
tribution over categories varied little during the
study period 1973 to 1992 inclusive (data not
shown). Over the two decades, the mean age at
diagnosis rose from 69.4 to 71.3 years and the
corresponding median age from 71 to 72 years.
There were only minor intercategory diVer-
ences in the age distribution. Catchment areas
of regional hospitals had a mean of 34 newly
diagnosed cases of rectal cancer per area and
year, county hospitals 22, large local hospitals
17, and small local hospitals eight.

We compared the category of the catchment
area assigned to each patient on the basis of
domicile with the corresponding category
based on the hospital that reported the rectal
cancer to the Cancer Registry, assuming that
the latter was the hospital that in fact treated
the patient. In 86.2% of the cases, these
categories were identical. The cases notified
from a hospital of a higher category than that of
their home catchment area only constituted
6.1%, typically referred from smaller to larger
hospitals. These patients were, on average,
younger than the average rectal cancer patient,
whereas patients reported from a lower

Table 1 Characteristics of the newly diagnosed patients with rectal cancer in Sweden
1973–1992, by hospital catchment area category

Regional/
university County Large local Small local Total

Number of cases 6733 10212 6378 7488 30811
Percentage of total 21.9 33.1 20.7 24.3 100.0
Mean age at diagnosis (y) 69.5 70.0 69.9 69.9 69.9
Median age at diagnosis (y) 71 71 71 71 71
Age >70 at diagnosis (%) 54.8 56.8 55.8 55.3 55.8
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category than that of their home catchment
area (4.3%) were slightly older. A small group
of even older patients (3.4%) were notified to
the Cancer Registry from nursing homes.

Relative survival diVered between catchment
area categories (table 2). One year after
diagnosis, the relative survival rates were 76%
and 72% for rectal cancer patients living in
catchment areas of regional hospitals and small
local hospital respectively (p<0.001). The cor-
responding rates five years after diagnosis were
48% and 43% (p<0.001). The other two
catchment area categories exhibited relative
survival rates below the rates observed in
catchment areas of regional hospitals, but
clearly above those in areas served by small
local hospitals. DiVerences in prognosis be-
tween catchment area categories were already
noted one month after diagnosis. At that time,
the diVerence in relative survival between
catchment areas of regional and small local
hospitals was one percentage point, and the
order of rank between the catchment areas was
equal to the orders observed one and five years
after diagnosis (data not shown).

Figures 1 and 2 depict the one year and five
year relative survival rates respectively by
catchment area category and calendar year of
diagnosis. Over the study period, the relative
survival improved considerably in all catch-
ment area categories, but the survival advan-
tage among patients living in catchment areas
of county and regional hospitals persisted.

Referrals may have had the result that
hospitals of certain categories treated more
severely ill cases than others. To shed light on
the importance of this redistribution of
patients, we also analysed relative survival
according to the category of hospital that
reported the case to the Cancer Registry. The
diVerences in relative survival between catego-
ries of reporting hospitals were slightly smaller
than between categories of catchment areas.
The one year relative survival among patients

reported by regional/university hospitals was
76%, compared with 75% among those
reported by county or large local hospitals, and
73% among those reported by small local hos-
pitals. The diVerences in five year relative sur-
vival between hospital categories were almost
negligible. Patients reported to the Cancer
Registry from a higher hospital category than
was indicated by domicile—that is, patients
likely to have been referred—had virtually the
same one year relative survival as patients
whose categories were identical, but their five
year relative survival was the lowest of all sub-
sets analysed.

According to the death certificates recorded
in the Registry of Causes of Death, colorectal
cancer accounted for 72% of all deaths in our
cohort, while ischaemic heart disease and all
other diseases of the circulatory system
accounted for 9% and 6% respectively.
There were only small diVerences in recorded
causes of death between catchment area
categories.

The survival advantage for patients living in
catchment areas of regional/university hospi-
tals, relative to those served by small local hos-
pitals, remained statistically significant after
adjustment for age at diagnosis, calendar
period of diagnosis, and duration of follow up
in multivariate analyses (table 3). The relative
hazard of dying from the illness during the first
five years after a rectal cancer diagnosis was
15% higher among patients living in catchment
areas of small local hospitals. The considerable
trendwise reduction in death risk with calendar
period of diagnosis, and the increased risk
among patients older than 70 years also
persisted after these adjustments. The relative
hazard of dying fell successively with each year
that passed after the initial diagnosis. After
having survived the first few years, the risk of
dying during the later part of the follow up
period was only a small fraction of the risk in
the first year.

Table 2 One and five year relative survival after rectal cancer diagnosis by hospital catchment area category and time period of diagnosis

One year relative survival Five year relative survival

Regional County Large local Small local All categories Regional County Large local Small local All categories

1973–76 0.70 0.68 0.70 0.68 0.69 0.39 0.38 0.41 0.37 0.39
1977–80 0.74 0.73 0.73 0.69 0.72 0.45 0.44 0.45 0.42 0.44
1981–84 0.74 0.76 0.74 0.73 0.74 0.46 0.50 0.46 0.45 0.47
1985–88 0.80 0.76 0.76 0.74 0.76 0.53 0.50 0.48 0.46 0.49
1989–92 0.80 0.80 0.78 0.76 0.79 – – – – –
1973–92 0.76 0.75 0.74 0.72 0.74 0.48 0.47 0.46 0.43 0.46

Figure 1 Rectal cancer in Sweden in the period 1973 to
1992. Relative one year survival by catchment area
category.
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Figure 2 Rectal cancer in Sweden in the period 1973 to
1992. Relative five year survival by catchment area
category.
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We found a strong interaction eVect between
age at diagnosis and duration of follow up (data
not shown). This indicates that the excess risk
of dying during the first follow up years was
particularly high among older patients. Addi-
tion of a term for interaction between calendar
period of diagnosis and catchment area cat-
egory improved the model only marginally
(reduction in deviance 21.8 on 12 degrees of
freedom, p = 0.04). Hence, multivariate mod-
elling provided no strong support for the
impression of a widening gap between catch-
ment area categories. Addition of terms for
other interactions between the main eVect
variables did not improve the model fit signifi-
cantly.

Stratified analyses confirmed the falling five
year mortality in all catchment area categories
(table 4). The downward trend was strongest in
areas served by regional/university and county
hospitals, and weakest in catchment areas of
large and small local hospitals.

In a second analysis, stratified by time
period, the diVerence in prognosis between
catchment area categories was confirmed
(table 5). Also, the diVerences increased during
the two last time periods.

Discussion
Our principal finding in this study is that the
prognosis in patients with rectal cancer has
improved steadily over the last few decades but
that those who lived in catchment areas of
small local hospitals were significantly worse
oV than patients living in areas served by
regional/university hospitals. The diVerence in
survival is not explained by diVerences in either
mean age or the distribution of cases over time.
The improvement in survival was greatest in
areas where university and county hospitals
were responsible for medical services. We
found no indication that the observed diVer-
ences decreased, as we have previously re-
ported for colon cancer in Sweden.13

The Swedish public health system provides
equal access to health care in all hospital catch-
ment areas. There was no organised screening
for colorectal cancer in Sweden during the
study period. Thus the observed diVerences in
survival between these geographically defined
populations are not likely to be explainable by
diVerences in the stage or severity of the rectal
cancer at presentation, particularly as each
catchment area category represents a mix of
areas from all parts of Sweden, including all
levels of urbanisation. Also, it is unlikely that
patients’ delay in seeking health care would
diVer between area categories. We therefore
suggest that the diVerences in outcome may
reflect dissimilarities in the overall manage-
ment of these patients. These may involve vari-
ations in diagnostic practices or in the quality
of anaesthesiological or surgical management.
Patients with rectal cancer typically present
with local symptoms which usually prompt a
standardised diagnostic work up. The tumours
are accessible for examination by simple rigid
rectoscopy, which is often performed by
general practitioners. Thus it is unlikely that
diVerences in diagnostic eYciency would
account for more than a minor part of the dif-
ferences in survival between catchment area
categories. Therefore the reason for the diVer-
ences seems to involve the organisation of rec-
tal cancer care and the quality of the treatments
oVered.

Table 3 Relative hazards (RH) of dying from rectal cancer, with 95% confidence
intervals (CI), based on the first five years of follow up

Mulivariate analysis with
adjustment for follow up year

Multivariate main eVects
model

Variable RH 95% CI RH 95% CI

Catchment area category
Regional 1.00 Reference 1.00 Reference
County 1.04 0.93 to 1.15 1.03 0.97 to 1.10
Large local 1.07 0.95 to 1.21 1.06 0.99 to 1.14
Small local 1.15 1.03 to 1.29 1.15 1.07 to 1.22

Period of diagnosis
1973–76 1.00 Reference 1.00 Reference
1977–80 0.88 0.80 to 0.98 0.88 0.82 to 0.94
1981–84 0.80 0.72 to 0.89 0.79 0.73 to 0.84
1985–88 0.74 0.67 to 0.82 0.73 0.68 to 0.78
1989–92 0.69 0.61 to 0.77 0.67 0.62 to 0.72

Age at diagnosis (y)
<69 1.00 Reference 1.00 Reference
>70 1.39 1.31 to 1.47 1.41 1.35 to 1.48

Follow up year
1 1.00 Reference 1.00 Reference
2 0.65 0.59 to 0.71 0.65 0.62 to 0.69
3 0.48 0.43 to 0.55 0.49 0.46 to 0.53
4 0.34 0.28 to 0.39 0.34 0.31 to 0.38
5 0.27 0.22 to 0.33 0.28 0.25 to 0.31

Table 4 Relative hazard and 95% confidence intervals (within parentheses) of dying from rectal cancer from the first five
years of follow up by time period of diagnosis, stratified by hospital catchment area category

Hospital catchment area category

Period Regional County Large local Small local

1973–76 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
1977–80 0.86 (0.77 to 1.00) 0.83 (0.72 to 0.96) 0.91 (0.79 to 1.06) 0.91 (0.79 to 1.04)
1981–84 0.83 (0.73 to 0.95) 0.71 (0.61 to 0.82) 0.86 (0.74 to 1.00) 0.79 (0.69 to 0.91)
1985–88 0.67 (0.58 to 0.76) 0.70 (0.60 to 0.81) 0.82 (0.70 to 0.95) 0.76 (0.66 to 0.87)
1989–92 0.63 (0.54 to 0.74) 0.59 (0.50 to 0.70) 0.77 (0.65 to 0.91) 0.72 (0.62 to 0.84)

Table 5 Relative hazard and 95% confidence intervals (within parentheses) of dying from rectal cancer from the first five years of follow up by hospital
catchment area category stratified by time period of diagnosis

Period

Hospital catchment area category 1973–76 1977–80 1981–84 1985–88 1989–92

Regional 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
County 1.08 (0.97 to 1.19) 1.02 (0.88 to 1.18) 0.92 (0.79 to 1.06) 1.12 (0.95 to 1.38) 1.01 (0.87 to 1.18)
Large local 0.97 (0.86 to 1.09) 1.01 (0.86 to 1.19) 1.00 (0.85 to 1.18) 1.19 (0.98 to 1.43) 1.19 (1.01 to 1.40)
Small local 1.10 (0.98 to 1.23) 1.13 (0.98 to 1.32) 1.04 (0.90 to 1.22) 1.24 (1.04 to 1.48) 1.27 (1.09 to 1.48)

42 Blomqvist, Ekbom, Nyrén, et al

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.45.1.39 on 1 July 1999. D

ow
nloaded from

 

http://gut.bmj.com/


Although referral to specialised hospitals
may be part of the care that is provided, our
data indicate that only a small proportion of the
patients were, in fact, referred. Besides, as
patients thus referred appeared to be the sick-
est, as judged from their poor survival, these
referrals may have had the result that the
observed diVerence in survival between catch-
ment area categories represented a slight
underestimation of the true diVerence in
outcome between hospital categories. Referrals
of more serious cases from smaller to larger
hospitals may perhaps explain why the inter-
category diVerences in survival based upon
reporting hospitals—that is, the hospitals
where the patients, in most instances, were
treated—were smaller than the corresponding
intercategory diVerences based on domicile.

Previous studies of the relation between
patient volumes and surgical results have been
typically influenced by the case mix encoun-
tered in the hospitals under study.1 2 As admis-
sions to hospitals, particularly in health care
systems without strictly defined catchment
areas, are preceded by a chain of decisions, on
the part of the patient, the family doctor, and
the hospital surgeon, patients may be selec-
tively distributed among diVerent categories of
hospitals. Hence comparisons in hospital based
studies may be confounded by the stage or
severity of the disease or other prognostic fac-
tors. This may explain why previous studies led
to conflicting conclusions. Even if adjustment
for disease stage is attempted, the shift in stage
that occurs if specialised—and presumably
more experienced—surgeons and pathologists
find more lymph nodes and thus more local
metastases may again confound the results.
Our approach compared populations rather
than hospitals. Also, our design with a two dec-
ade study period and a large number of
patients has not to our knowledge been applied
before to studies of rectal cancer.

The steady improvement in survival that
appeared to have taken place over the observa-
tion period and in all catchment area categories
has also been noted in other studies.14–18 There
was a noticeable diVerence in survival between
area categories as early as one month after the
rectal cancer diagnosis, and the order of rank
between the categories was already clearly
established by then. This short term outcome
may be partly determined by the general health
and nutritional status among the patients, but
is less likely to be influenced by the stage or
severity of the disease at diagnosis. This varia-
tion in short term results between catchment
area categories is more likely to be due to
diVerences in perioperative care. The quality of
anaesthesiological management may have a
greater impact on perioperative survival than
the eYcacy of surgical or non-surgical tumour
removal.

The diVerences in survival between catch-
ment area categories persisted, however, one
and five years after diagnosis. Mesorectal exci-
sion, a development of the traditional surgical
technique associated with better local tumour
control, at least in expert hands,19 was intro-
duced by some interested surgeons in the

1980s but did not gain widespread popularity
in Sweden during the study period. Interest-
ingly, during this period an increasing pro-
portion of abdomino-perineal resections were
replaced by anterior resections, which would
seem to oVer less favourable conditions for
radicality.

Perioperative radiation was subject to large
randomised trials at county and regional
hospitals during the early and mid 1980s,20 21

whereas only a small proportion of the patients
treated at non-academic hospitals received
such adjuvant treatment.22 23 Although most
previous studies of perioperative radiotherapy
have failed to show an unequivocal eVect on
survival,24 a recent Swedish multicentre study
showed a significant survival advantage after 25
Gy of preoperative radiation among patients
with resectable rectal cancer.3 Hence variations
in the use of perioperative radiotherapy may
have contributed to the intercategory diVer-
ences in survival observed in our study. More
active follow up after treatment seems to have
little influence on the prognosis.25 26 This again
did not diVer between hospital categories.

Although Sweden had no specialised centres
for rectal cancer surgery during the period
under study, a concentration of such surgery to
fewer hands may still have taken place within
each hospital. This is seemingly contradicted
by a marked increase in the number of general
surgeons in Sweden during the past 20 years,
but it also became increasingly common to
have more than one surgeon at the operating
table. We speculate that an increasing subspe-
cialisation into oncological surgery that oc-
curred at university hospitals during the 1980s
may also have contributed to the acceleration
of the positive trend noted for this hospital
catchment area category in the last years of our
study.

The strengths of our study include the
population based design with inclusion of all
rectal cancers that occurred in Sweden during
the study period, the high proportion of cases
in which the tumours were histologically
confirmed, the strictly defined catchment
areas, the complete follow up regardless of
catchment area category, the availability of
population based expected rates of survival,
and the precision of our survival estimates
owing to the large numbers of cases. Our most
important caveat is the assumption that the
average stage of the disease at which patients
with developing rectal cancer seek medical care
is unrelated to the place of residence. However,
with the prerequisites prevailing in Sweden, it
seems far fetched to postulate the opposite.

A further strength of our study is that our
data reflect the integrated eVect of a whole
chain of measures taken to diagnose and treat
rectal cancer. We can only speculate as to
which specific components of the medical
services oVered to the populations account for
the observed diVerences in survival between
catchment area categories. Thus, our results do
not provide the necessary guidance to remedy
these disturbing diVerences. Our findings
should perhaps be seen as an alarm signal to
surgeons and health care planners. Clearly,
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more in depth studies, preferably focusing on
steps in the management chain, and with
adjustment for disease stage at diagnosis, are
warranted.
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