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Impact on survival of intensive follow up after curative
resection for colorectal cancer: systematic review and
meta-analysis of randomised trials
Andrew G Renehan, Matthias Egger, Mark P Saunders, Sarah T O’Dwyer

Abstract
Objective To review the evidence from clinical trials
of follow up of patients after curative resection for
colorectal cancer.
Design Systematic review and meta-analysis of
randomised controlled trials of intensive compared
with control follow up.
Main outcome measures All cause mortality at five
years (primary outcome). Rates of recurrence of
intraluminal, local, and metastatic disease and
metachronous (second colorectal primary) cancers
(secondary outcomes).
Results Five trials, which included 1342 patients, met
the inclusion criteria. Intensive follow up was
associated with a reduction in all cause mortality
(combined risk ratio 0.81, 95% confidence interval
0.70 to 0.94, P=0.007). The effect was most
pronounced in the four extramural detection trials
that used computed tomography and frequent
measurements of serum carcinoembryonic antigen
(risk ratio 0.73, 0.60 to 0.89, P=0.002). Intensive follow
up was associated with significantly earlier detection
of all recurrences (difference in means 8.5 months,
7.6 to 9.4 months, P < 0.001) and an increased
detection rate for isolated local recurrences (risk ratio
1.61, 1.12 to 2.32, P=0.011).
Conclusions Intensive follow up after curative
resection for colorectal cancer improves survival.
Large trials are required to identify which
components of intensive follow up are most
beneficial.

Introduction
Colorectal cancer is the second most common
malignancy in Western societies and the second
leading cause of death related to cancer.1 At the time of
initial diagnosis, about two thirds of patients undergo
resection with curative intent, but 30-50% of these
patients will relapse and die of their disease.2 Some
authors have postulated that intensive follow up would
lead to early detection of recurrent disease or
metachronous (second colorectal primary) tumours, or
both, and thus improve survival, while others have
questioned the need for follow up at all.3 This is
reflected in current UK guidelines for the management

of patients with colorectal cancer, which state that there
is “no evidence” of survival benefit with intensive follow
up4 or that it is “not worth while.”5 There is currently
wide variation in follow up.6–8 For example, the Wales
and Trent audits reported that among colorectal and
gastrointestinal surgeons, 57% included the use of
colonoscopy in their surveillance programme at a fre-
quency of three times over five years to annually.
Furthermore, some 13% of gastrointestinal surgeons
offered no routine testing at all.6 Among these many
different protocols, the costs to health services are con-
siderable and need to be justified with evidence.

Several randomised controlled trials have
addressed this issue, but none had sufficient statistical
power. Two meta-analyses on studies of follow up after
treatment of colorectal cancer have been published,
but one was based entirely on non-randomised data9

and the other on combined randomised trials with
cohort studies.10 We carried out a systematic review and
meta-analysis of randomised clinical trials to deter-
mine whether there is any benefit of intensive follow up
strategies after curative resection for colorectal cancer.

Methods
Search strategy—Using Cochrane methodology11 we
searched Medline, Embase, CANCERLIT, and the
Cochrane controlled trials register for relevant studies
(box 1). We considered trials in any language. We sup-
plemented electronic searches by hand searching
reference lists, reviews, and abstracts from meetings.
National trial registers were also searched for
unpublished trials. In addition, we contacted the edito-
rial base of the Cochrane colorectal cancer group.

Inclusion and exclusion criteria—We evaluated each
trial for inclusion in the meta-analysis on the basis of
four criteria: study design (randomised controlled
trial), target population (patients with colorectal cancer
treated surgically with curative intent), timing of
randomisation (at or shortly after surgery), and
availability of survival data related to cancer. We
included studies that compared intensive follow up
strategies with control follow up regimens, as defined
by the individual trials. We excluded studies that
included patients with advanced disease (Dukes’ stage
D), when curative resection is generally not possible.
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Data extraction—The data were extracted independ-
ently by two investigators (AGR and MPS), with
disagreements resolved by a third reviewer (STO’D)
(fig 1). Data were extracted from the final report for
each trial, but preliminary reports were also consulted
for additional details on methods.

Outcome measures—The primary outcome was all
cause mortality at five years. Secondary outcomes were
total number of recurrences, any type of local
recurrences, isolated local recurrences, any hepatic
metastases, isolated hepatic metastases, lung metas-
tases, intraluminal recurrences, and metachronous
(second colorectal primary) cancers.

Assessment of methodological quality—Two of us (AGR
and ME) independently assessed adequacy of conceal-
ment of patients’ allocation to treatment groups,
double blinding, and withdrawals.12 Differences in
assessments were resolved by consensus.

Subgroup analysis—Different diagnostic tests were
used during follow up in different trials. We performed
a subgroup analysis based on the a priori hypothesis
that the early detection of extramural recurrent disease
(namely, local pelvic recurrences and solitary hepatic

metastases), with investigations such as computed tom-
ography or frequent measurements of serum carci-
noembryonic antigen (at least every three months for
two years and then every six months thereafter), or
both, was more likely to be effective in improving
survival related to cancer than strategies directed only
at the detection of intraluminal disease (such as the use
of colonoscopy).6

Statistical analysis—We have expressed the main
results as combined risk ratios with the fixed effects
method and performed tests for heterogeneity.13 We
combined data on the duration to first relapse using
differences in means.13 We also performed random
effects methods for comparison.14 We examined publi-
cation bias and related biases in funnel plots and
carried out a test of funnel plot asymmetry.15 Sensitivity
analyses included assessment of the influence of year
of publication, mean ages in trial groups, and Dukes’
stages with meta-regression techniques.16 All analyses
were performed in Stata version 7.0 (Stata Corpora-
tion, College Station, TX, USA).

Results
Figure 2 shows the summary profile of the search. We
identified seven potentially eligible randomised con-
trolled trials,17–23 five of which met our inclusion
criteria.17–21 Two trials reported preliminary results24 25;
two also published on related topics.26–28 We also identi-
fied six ongoing trials or trials in preparation (box 2).
We excluded the study by Northover et al because par-
ticipants with a raised carcinoembryonic antigen con-

Data extraction proforma

Date proforma completed .........................

Study no. ..................................................

Country (ies) of study ...............................

Years of recruitment 19.......... to 19..........

No. of participants
Age
  Mean age (±SE)
  Age range
Gender
  No. of males
  No. of females
Dukes stage
  Dukes A (n=
  Dukes B (n=
  Dukes C (n=
Anatomic site
  Colon (n=
  Rectum (n=
Adjuvant therapy (Y or N)
Follow up
  Proportion survivors at 5 years
Survival
  Overall deaths
  Cancer-related deaths
No. of recurrences
  All site recurrences
  Mean time to detect(mo) (±SE)
Recurrences by site
  All local recurrences
  Isolated local recurrences
  All hepatic metastases
  Isolated hepatic metastases
  All lung metastases
Intra-luminal disease
  No. of metachronous cancers
  No. intra-luminal recurrences
  No. of adenomas at FU
Curative re-operation rates
  No. of all site recurrences
  No. of all local recurrences
  No. of all hepatic metastases
No. disease-free after re-operation
  For all site recurrences
  For all local recurrences
  For all hepatic metastases

Please complete each space. If no data available, please write "not stated".

Intensive FU Control Comments

Fig 1 Form for data extraction

Box 1 Search methods

Bibliographic databases (to April 2001)
• Medline (SilverPlatter)
• Embase (Ovid)
• CANCERLIT (Ovid)
• Cochrane controlled trials register (issue 1: 2001)
• MESH terms “colorectal neoplasm,” “colonic
neoplasm,” “rectal neoplasm,” “follow-up,”
“surveillance”
Reference lists
• Selected articles, review articles, and commentaries
Hand searched meeting proceedings
• American Gastroenterology Association
(1996-2001)
• American Society for Cancer Research (1996-2001)
• American Society for Colon and Rectal Surgeons
(1996-2001)
National trial registries
• United Kingdom National Research Register of
ongoing health research (www.doh.gov.uk/research/
nrr.htm)
• Computer Retrieval of Information on Scientific
Projects (CRISP) database (www-commons.cit.nih.gov/
crisp)
• Current Science register of controlled trials
(www.controlled-trials.com)
• US cancer-specific register of controlled trials
(www.nci.nih.gov/search/clinical_trials/)
• British Journal of Surgery Scientific Surgery Archive
of meta-analyses and randomised controlled trials
(www.bjs.co.uk/searchSSurgery.asp)
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centration were randomised during follow up rather
than at the time of surgery.22 We also excluded the
study by Barillari et al because randomisation was lim-
ited to less than half the participants, and the main
outcome measured was the number of metachronous
colorectal tumours detected rather than survival.23

Study characteristics
The five included trials comprised 1342 participants:
666 assigned to intensive follow up and 676 assigned
to control. Table 1 shows the baseline characteristics of
the participants enrolled in these trials. In the trial by
Makela et al patients in the intensive group were on
average six years younger than those in the control
group.17 In two other trials there were smaller age

differences in the same direction.19 20 There was an
imbalance in the sex distribution in one trial.18 All but
one study20 included patients with Dukes’ stage A
disease. The proportion of patients with Dukes’ stage C
disease was higher in the control group than in the
intensive group in two trials,19 21 whereas the opposite
was the case in another trial.18 The study periods
predated the widespread use of adjuvant chemo-
therapy, and only one study used adjuvant radio-
therapy for rectal cancers.20

The tests and the frequency of their use varied con-
siderably (table 2).2 No study directly compared specific
tests, but in four trials computed tomography and fre-
quent measurements of carcinoembryonic antigen
were limited to the intensive arms.17–20 We characterised
these trials as the extramural detection group. The
Danish study focused heavily on the increased
detection of intraluminal disease and thus formed the
intramural detection group.21

Methodological quality of trials
In general methods were poorly reported. Two trials
randomised patients by open cards or random number
tables.19 20 Randomisation was stratified by site and
Dukes’ stage in two trials,19–21 but block sizes were not
reported. Blinding of clinicians or assessors was not
mentioned except for one trial, which reported that
computed tomograms were evaluated by an “inde-
pendent radiologist.”19 Completeness of follow up
among survivors was good, with 100% at five years in
three studies (table 2).

All cause mortality
Data on all cause mortality were available in all
studies. Data on mortality related to cancer were avail-
able in only two studies.18 21 At five years, 197 of 666
patients (30%) allocated to intensive follow up and
247 of 676 (37%) allocated to control groups had
died. By the fixed effects method, the combined risk
ratio was 0.81 (95% confidence interval 0.70 to
0.94, P=0.007) in favour of intensive follow up (fig 3).
Similar values for risk ratios were estimated by the

Potentially relevant reports
on randomised trials (n=72)

Excluded on basis of abstract (trials
testing other interventions–for example,

screening, chemotherapy) (n=60)

Articles retrieved for
detailed evaluation (n=12)

Preliminary or duplicate reports (n=5)

Potentially eligible
trials (n=7)

Included
trials (n=5)

Excluded:
 Randomisation during follow up (n=1)
 No data on mortality (n=1)

Fig 2 Summary of systematic review profile

Box 2 Randomised trials in preparation or
ongoing

UKCCCR Colorectal Cancer Group: To compare the
value of intensive versus minimalist follow up after
apparently curative resection for colorectal cancer on
disease free and overall survival (ukcccr.icnet.uk/
groups/colohome.html) and McArdle C, ABC of
colorectal cancer: effectiveness of follow up. BMJ
2000;321:1332:5
Libutti S. A prospective trial of CT, MRI, PET scanning
and antibody scanning in patients with colorectal
cancer and rising CEA (www.cybercable.tm.fr/
zbiblioa/arcach2.html)
Southampton and Wessex Colorectal Cancer Group.
A randomised controlled trial to assess the cost
effectiveness of intensive versus no scheduled follow
up in patients who have undergone resection for
colorectal cancer with curative intent (personal
communication with Professor J Primrose, University
of Southampton)
A randomised trial of intensive versus minimalist
follow up of patients with resected Dukes B-C
colorectal cancer: the pilot phase. GILDA (Gruppo
Italiano di Lavoro per la Diagnosi Anticipata). Tumori
1998;84(suppl):89(abstr 221)
Catalan Agency for Health Technology Assessment
(CAHTA): Patients’ monitoring and follow up in
colorectal cancer with the purpose of detecting
curable tumour relapses (cited in the Cochrane
Library, 2000, issue 2)
FFCD (Foundation Francaise de Cancerologie
Digestive) colorectal cancer follow up study (cited in:
Audisio RA, Robertson C, Colorectal cancer follow up:
perspectives for future studies. Eur J Surg Oncol
2000;26:329-37)

Studies

Extramural detection trials

  Makela et al, 199517

  Ohlsson et al, 199518

  Schoemaker et al, 199819

  Pietra et al, 199820

Subtotal (95% CI)

Intramural detection trial

  Kjeldsen et al, 199721

All trials (95% CI)

Tests for heterogeneity  χ2=3.42, df=4, P=0.49

Intensive

23/52

15/53

43/167

28/104

109/376

88/290

197/666

Control

0.4 1.5

Favours
intensive

Favours
control

10.75

27/54

22/54

55/158

43/103

148/369

100/307

247/676

Risk ratio (95% CI)Risk ratio

Deaths at 5 years/
No of patients

0.88 (0.59 to 1.33)

0.69 (0.41 to 1.19)

0.74 (0.53 to 1.03)

0.64 (0.44 to 0.95)

0.73 (0.60 to 0.89)

0.93 (0.73 to 1.18)

0.81 (0.70 to 0.94)

Fig 3 Pooled analysis with summary estimates (fixed effects method) for five year survival:
data categorised into detection groups in accordance with a priori hypothesis (see methods)
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random effects method (table 3). There was no signifi-
cant heterogeneity.

The effect on mortality was most pronounced in
the four extramural detection trials that used
computed tomography and frequent measurements of
serum carcinoembryonic antigen (combined risk ratio
0.73, 0.60 to 0.89, P=0.002). The five year mortality in
the control groups ranged from 35% to 50%, which
translates into an absolute reduction in mortality of 9%
to 13% or a number needed to treat (the number of
patients needed to prevent one death) of eight to 11.
Little effect was seen in the Danish trial, which used
only investigations to detect intramural disease (risk
ratio 0.93, 0.73 to 1.18, P=0.88).

Recurrences, metastases, and metachronous
cancers
There were no differences in rates of recurrence in all
sites between the two groups: 212/666 (32%) for inten-
sive versus 224/676 (33%) for control follow up. How-
ever, recurrences were detected 8.5 months (95%
confidence interval 7.6 to 9.4 months) earlier with
intensive follow up (table 4). Subgroup analysis in
accordance with the a priori hypothesis revealed no
distinct patterns.

The detection rates for all local recurrences and all
hepatic and lung metastases were similar in the two
groups (fig 4, table 3). However, on the basis of data
from three trials, intensive follow up was associated
with a significant increase in detection of isolated local

recurrences (15% v 9%: risk ratio 1.61, 1.12 to 2.32,
P=0.011). Intensive follow up was also associated with a
small non-significant increase in detection of hepatic
metastases. Overall, rates of intraluminal recurrence
and detection of metachronous cancer were low (3.2%
and 1.3%, respectively), and there were no differences
between follow up regimens.

Sensitivity analysis
We found no influence of year of commencement or
publication, mean age, or proportion of Dukes’ stage C
cancers on any outcome (P > 0.10). There was no clear
evidence of funnel plot asymmetry in any analysis
(P > 0.10)

Discussion
The findings of this systematic review and meta-
analysis of randomised controlled trials support the
view that intensive follow up after curative resection for
colorectal cancer improves survival at five years.

Survival benefit
This is the strongest evidence to date to show the ben-
eficial effects of intensive follow up. Individual trials
have been inconclusive, probably because of small
sample sizes. Our analysis shows that using modern
follow up regimens (including computed tomography
or frequent measurements of serum carcinoembryonic
antigen, or both) there was an absolute reduction in

Table 1 Baseline characteristics of five randomised trials on follow up after curative resection for colorectal cancer

Study

No of patients
Mean (SD*) age

(years) Men/women Colon/rectum Dukes’ stage (A/B/C)

Intensive Control Intensive Control Intensive Control Intensive Control Intensive Control

Extramural detection trials

Makela et al, 199517 52 54 63 (9) 69 (8) 25/27 27/27 36/16 39/15 13/24/15 15/24/15

Ohlsson et al, 199518 53 54 66 (9) 66 (9) 20/33 31/23 34/19 3717 10/21/22 9/26/19

Schoemaker et al,
199819

167 158 67 (9) 69 (7) 109/58 98/60 121/46 117/41 41/79/47 30/74/54

Pietra et al, 199820 104 103 62 (12) 64 (9) 56/46 53/50 73/31 66/37 0/62/42 0/60/43

Intramural detection trial

Kjeldsen et al, 199721 290 307 64 (6) 64 (6) 168/122 158/149 156/134 158/149 68/148/74 70/145/92

*SD estimated from stated ranges.

Table 2 Detailed characteristics of surveillance programmes used in five randomised trials of intensive versus control follow up of
patients after curative resection for colorectal cancer

Study Intensive follow up Control follow up

Makela et al,
199517

Seen in clinic 3 monthly for first 2 years, then 6 monthly: physical
examination, full blood count, faecal occult blood test, carcinoembryonic
antigen levels, and chest x ray. Yearly colonoscopy. Sigmoidoscopy 3 monthly
for rectal and sigmoid cancers. Ultrasonography of liver 6 monthly. Computed
tomography yearly. All followed up to 5 years

Seen in clinic 3 monthly for first 2 years, then 6 monthly: physical
examination, full blood count, faecal occult blood test,
carcinoembryonic antigen levels, and chest x ray. Yearly barium
enema. Rigid sigmoidoscopy 3 monthly for rectal cancers. All
followed up to 5 years

Ohlsson et
al, 199518

Seen in clinic 3 monthly for the first 2 years, then 6 monthly: physical
examination, rigid proctosigmoidoscopy, liver function tests, carcinoembryonic
antigen levels, faecal occult blood test, chest x ray. Colonoscopy at 3, 15, 30,
and 60 months, computed tomography after abdominoperineal resection at 3,
6, 12, 18, and 24 months. All followed up to 5 years

No systematic follow up. Patients were instructed to leave samples
for faecal occult blood test testing every third month during the first
2 years and then every year. All accounted for to 5 years

Schoemaker
et al,
199819

Seen in clinic 3 monthly for first 2 years, then 6 monthly for 5 years; physical
examination, full blood count, liver function tests, and Haemoccult II. Yearly
chest x ray and computed tomography of liver. Yearly colonoscopy.
Carcinoembryonic antigen measurements were performed but not used to
trigger further examinations. 94% followed up to 5 years

Seen in clinic 3 monthly for first 2 years, then 6 monthly for 5
years; physical examination, full blood count, liver function tests,
carcinoembryonic antigen levels, and Haemoccult II.
Carcinoembryonic antigen measurements were performed but not
used to trigger further examinations. 95% followed up to 5 years

Pietra et al,
199820

Seen in clinic 3 monthly for first 2 years, then 6 monthly for next 3 years,
thereafter yearly; physical examination, ultrasonography of liver,
carcinoembryonic antigen levels. Yearly colonoscopy, chest x ray, and
computed tomography. All followed up to 5 years

Seen in clinic 6 monthly for first year, then yearly; physical
examination, ultrasonography of liver, carcinoembryonic antigen
levels. Yearly colonoscopy and chest x ray. All followed up to 5
years

Kjeldsen et
al, 199721

Physical examination, digital rectal examination, gynaecological examination,
Haemoccult-II, colonoscopy, chest x ray, full blood count, erythrocyte
sedimentation rate, liver function tests, at 6 monthly in first 3 years, then 12
monthly for next 2 years, then 5 yearly. 79% followed up to 5 years

Physical examination, digital rectal examination, gynaecological
examination, Haemoccult-II, colonoscopy, chest x ray, full blood
count, erythrocyte sedimentation rate, liver function tests, at 5 and
10 years. 73% followed up to 5 years
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Table 3 Details of summary effects for various end points in patients with colorectal cancer according to intensive or control follow
up. Figures are numbers (percentage) of patients and risk ratios (95% confidence interval)

Intensive follow up Control follow up Fixed effects* Random effects†

All cause mortality

Makela et al, 199517 23/52 (44) 27/54 (50) 0.88 (0.59 to 1.33)

Ohlsson et al, 199518 15/53 (28) 22/54 (41) 0.69 (0.41 to 1.19)

Schoemaker et al, 199819 43/167 (26) 55/158 (35) 0.74 (0.53 to 1.03)

Pietra et al, 199820 28/104 (27) 43/103 (42) 0.64 (0.44 to 0.95)

Subgroup‡ 109/376 (29) 148/369 (40) 0.73 (0.60 to 0.89) 0.74 (0.61 to 0.91)

Kjeldsen et al, 199721 88/290 (30) 100/307 (33) 0.93 (0.73 to 1.18)

Pooled effect§ 197/666 (30) 247/676 (27) 0.81 (0.70 to 0.94) 0.81 (0.68 to 0.96)

All site recurrences

Makela et al, 199517 22/52 (42) 21/54 (39) 1.09 (0.69 to 1.73)

Ohlsson et al, 199518 17/53 (32) 18/54 (33) 0.96 (0.56 to 1.66)

Schoemaker et al, 199819 56/167 (34) 64/158 (41) 0.83 (0.62 to 1.10)

Pietra et al, 199820 41/104 (39) 41/103 (40) 0.99 (0.71 to 1.39)

Subgroup‡ 136/376 (36) 144/367 (39) 0.93 (0.77 to 1.12) 0.93 (0.77 to 1.12)

Kjeldsen et al, 199721 76/290 (26) 80/307 (26) 1.01 (0.77 to 1.32)

Pooled effect§ 212/666 (32) 224/676 (33) 0.95 (0.82 to 1.11) 0.95 (0.82 to 1.11)

All local recurrences

Makela et al, 199517 10/52 (19) 9/54 (17) 1.15 (0.51 to 2.61)

Ohlsson et al, 199518 11/53 (21) 8/54 (15) 1.40 (0.61 to 3.21)

Schoemaker et al, 199819 7/167 (4) 11/158 (7) 0.60 (0.24 to 1.51)

Pietra et al, 199820 26/104 (25) 20/103 (19) 1.29 (0.77 to 2.16)

Subgroup‡ 54/376 (14) 48/367 (13) 1.12 (0.79 to 1.52) 1.14 (0.80 to 1.63)

Kjeldsen et al, 199721 49/290 (17) 42/307 (14) 1.24 (0.84 to 1.81)

Pooled effect§ 103/666 (15) 90/676 (13) 1.17 (0.91 to 1.52) 1.19 (0.91 to 1.54)

Isolated local recurrences

Makela et al, 199517 3/52 (6) 2/54 (4) 1.56 (0.27 to 8.95)

Ohlsson et al, 199518 Not stated

Schoemaker et al, 199819 Not stated

Pietra et al, 199820 20/104 (19) 8/103 (8) 2.48 (1.14 to 5.37)

Subgroup‡ 23/156 (15) 10/157 (6) 2.30 (1.13 to 4.64) 2.30 (1.13 to 4.66)

Kjeldsen et al, 199721 42/290 (14) 32/307 (10) 1.39 (0.90 to 2.14)

Pooled effect§ 65/446 (15) 42/464 (9) 1.61 (1.12 to 2.32) 1.59 (1.10 to 2.30)

All hepatic metastases

Makela et al, 199517 5/52 (10) 2/54 (4) 2.60 (0.53 to 12.8)

Ohlsson et al, 199518 3/53 (6) 7/54 (13) 0.44 (0.12 to 1.60)

Schoemaker et al, 199819 20/167 (12) 23/158 (15) 0.82 (0.47 to 1.44)

Pietra et al, 199820 21/104 (20) 32/103 (31) 0.65 (0.40 to 1.05)

Subgroup‡ 49/376 (13) 64/367 (17) 0.75 (0.53 to 1.05) 0.74 (0.50 to 1.10)

Kjeldsen et al, 199721 22/290 (8) 27/307 (9) 0.86 (0.50 to 1.48)

Pooled effect§ 71/666 (11) 91/676 (13) 0.78 (0.59 to 1.05) 0.77 (0.58 to 1.03)

Isolated hepatic metastases

Makela et al, 199517 2/52 (4) 0/54 (0) 5.19 (0.26 to 105)

Ohlsson et al, 199518 Not stated

Schoemaker et al, 199819 14/167 (8) 12/158 (8) 0.95 (0.47 to 1.92)

Pietra et al, 199820 4/104 (4) 3/103 (3) 1.32 (0.30 to 5.75)

Subgroup‡ 20/323 (6) 15/315 (5) 1.13 (0.61 to 2.08) 1.02 (0.51 to 2.02)

Kjeldsen et al, 199721 Not stated

Pooled effect§ 20/323 (6) 15/315 (5) 1.13 (0.61 to 2.08) 1.02 (0.51 to 2.02)

All lung metastases

Makela et al, 199517 1/52 (2) 3/54 (6) 0.35 (0.04 to 3.22)

Ohlsson et al, 199518 3/53 (6) 2/54 (4) 1.53 (0.27 to 8.78)

Schoemaker et al, 199819 8/167 (5) 10/158 (6) 0.76 (0.31 to 1.87)

Pietra et al, 199820 0/104 (0) 1/103 (1) 0.33 (0.01 to 8.01)

Subgroup‡ 12/376 (3) 16/367 (4) 0.74 (0.36 to 1.51) 0.75 (0.36 to 1.08)

Kjeldsen et al, 199721 7/290 (2) 16/307 (5) 0.46 (0.19 to 1.11)

Pooled effect§ 19/666 (3) 32/676 (5) 0.61 (0.35 to 1.05) 0.62 (0.35 to 1.08)

Intraluminal recurrences

Makela et al, 199517 2/52 (4) 1/54 (2) 2.08 (0.19 to 22.2)

Ohlsson et al, 199518 2/53 (4) 2/54 (4) 1.02 (0.15 to 6.97)

Schoemaker et al, 199819 3/167 (2) 5/158 (3) 0.57 (0.14 to 2.34)

Pietra et al, 199820 1/104 (1) 1/103 (1) 0.99 (0.06 to 15.6)

Subgroup‡ 8/376 (2.1) 9/367 (2.5) 0.88 (0.34 to 2.23) 0.87 (0.33 to 2.28)

Kjeldsen et al, 199721 10/134 (7) ¶ 6/149 (4) ¶ 1.85 (0.69 to 4.96)

Pooled effect§ 18/510 (3.5) 15/518 (2.8) 1.25 (0.64 to 2.44) 1.26 (0.63 to 2.51)

Metachronous cancers

Makela et al, 199517 1/52 (2) 0/54 (0) 3.11 (0.13 to 74.7)
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mortality of 9-13%. This improvement compares
favourably with, for instance, the 5% benefit observed
for adjuvant chemotherapy in Dukes’ stage C
disease4–29 and is applicable to a wider range of clinical
stages of colorectal cancer.30 In addition, the trials we
included predated multidisciplinary approaches to the
treatment of colorectal cancer, including the wider
practice of hepatic resections for metastases, pelvic
exenterations for recurrent pelvic disease, and the use
of combined therapies for advanced disease. These
approaches influence survival,4 and the potential
survival benefits from intensive follow up may be even
greater than those expressed in this analysis.30

Quality of trials
The quality of included studies should be considered in
the interpretation of our findings. None of the trials
reported adequate concealment of allocation nor com-

prehensive blinding of outcome assessment. Only two
studies stated that randomisation was stratified for
major prognostic factors. Despite these shortcomings,
the strength of the present analysis is that it was limited
to randomised controlled trials and that it supersedes
previous meta-analyses, which were based on predomi-
nantly retrospective data.9 10

Mechanisms and future trials
Intensive follow up may improve survival in people
with colorectal cancer because of earlier detection and
treatment of recurrent disease. It may also be
associated with non-specific factors, such as improved
psychological wellbeing in patients. The detection rates
in this analysis for all local recurrences and hepatic
metastases were similar to those quoted in the
literature,31–33 but intensive follow up was associated
with a reduced time to first relapse and increased

Table 3 Contd

Intensive follow up Control follow up Fixed effects* Random effects†

Ohlsson et al, 199518 0/53 (0) 1/54 (2) 0.34 (0.01 to 8.15)

Schoemaker et al, 199819 3/167 (2) 2/158 (1) 1.42 (0.24.8.38)

Pietra et al, 199820 0/104 (0) 1/103 (1) 0.33 (0.01 to 8.01)

Subgroup‡ 4/376 (1.1) 4/367 (1.1) 0.98 (0.30 to 3.19) 1.01 (0.28 to 3.63)

Kjeldsen et al, 199721 7/290 (2) 3/307 (1) 2.47 (0.64 to 9.46)

Pooled effect§ 11/666 (1.7) 7/676 (1.0) 1.50 (0.63 to 3.54) 1.55 (0.28 to 3.63)

*Mantel and Haenszel.
†DerSimonian and Laird.
‡Extramural detection trials.
§Extramural and intramural detection trials.
¶Data based on rectal cancers only.

Table 4 Mean (SD) time (months) to first relapse in patients with colorectal cancer according to intensive or control follow up

Intensive follow up Control follow up Differences in means (95% CI)

Makela et al, 199517 10.0 (5.0) 15.0 (10.0) −5.00 (−7.99 to −2.01)

Ohlsson et al, 199518 20.4 (8.0)* 24.0 (7.0)* −3.60 (−6.45 to −0.75)

Schoemaker et al, 199819 Not stated

Pietra et al, 199820 10.3 (2.7) 20.2 (6.1) −9.90 (−11.19 to −8.61)

Subgroup† −8.32 (−9.41 to −7.23)

Kjeldsen et al, 199721 17.7 (8) § 26.5 (8.0) § −8.80 (−10.25 to −7.35)

Pooled effect‡ −8.50 (−9.37 to −7.62)

*Estimated from ranges stated.
†Extramural detection trials.
‡Extramural and intramural detection trials.
§Estimated from geometric curves.

End point
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Test for heterogeneity
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Fig 4 Pooled data and summary risk ratios (fixed effects method) for recurrences, metastases, and metachronous (second colorectal
primary) cancers
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detection of isolated local recurrences. This lends sup-
port to the former hypothesis. The importance of
psychological factors remains unclear for patients with
colorectal cancer. The GIVIO study showed that
increased psychological support influences survival in
patients with breast cancer but not in those with colo-
rectal cancer.34 On the other hand, increased
psychological support may influence outcome in
particular groups of patients with gastrointestinal
cancer.35

Many clinicians favour colonoscopic surveillance
(intramural detection) over investigations aimed at the
detection of extramural recurrences.6 8 Our findings
show that this is not justified. As seen in previous stud-
ies36 37 we found that intraluminal recurrences and
metachronous cancers were uncommon, irrespective
of the intensity of follow up. Therefore, intensive efforts
directed at the detection of intraluminal disease are
probably of low benefit. We could not address the
impact on outcome of intensive follow up through the
detection of adenomas, known precursors of malig-
nancy, but increasingly it is recognised that screening
for adenomas is most beneficial in those aged 55-65
years.38 For many patients with colorectal cancer this
opportunity may have passed.

We could not evaluate the efficacy of individual
investigations used in colorectal cancer surveillance.
This review represents a pragmatic evaluation of two
broad strategies of surveillance. Future large multi-
centre trials should use a factorial design to allow sepa-
ration of the effects of different tests performed during
follow up. Application of the principles of intensive fol-
low up in this common cancer has potentially
important financial and resource implications for
health services. Although estimation of the cost per life
years gained is beyond the scope of this paper, the
present study should serve as a basis for economic
modelling in future trials. Finally, while wide variation
in follow up persists in clinical practice, we believe that
clinical guidelines should be revised.
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