
Effect of More vs Less Frequent Follow-up Testing
on Overall and Colorectal Cancer–Specific Mortality
in Patients With Stage II or III Colorectal Cancer
The COLOFOL Randomized Clinical Trial
Peer Wille-Jørgensen, DMSc; Ingvar Syk, PhD; Kenneth Smedh, PhD; Søren Laurberg, DMSc;
Dennis T. Nielsen, MD; Sune H. Petersen, MA; Andrew G. Renehan, PhD; Erzsébet Horváth-Puhó, PhD;
Lars Påhlman, PhD; Henrik T. Sørensen, DMSc; For the COLOFOL Study Group

IMPORTANCE Intensive follow-up of patients after curative surgery for colorectal cancer is
common in clinical practice, but evidence of a survival benefit is limited.

OBJECTIVE To examine overall mortality, colorectal cancer–specific mortality, and colorectal
cancer–specific recurrence rates among patients with stage II or III colorectal cancer who
were randomized after curative surgery to 2 alternative schedules for follow-up testing with
computed tomography and carcinoembryonic antigen.

DESIGN, SETTING, AND PARTICIPANTS Unblinded randomized trial including 2509 patients
with stage II or III colorectal cancer treated at 24 centers in Sweden, Denmark, and Uruguay
from January 2006 through December 2010 and followed up for 5 years; follow-up ended on
December 31, 2015.

INTERVENTIONS Patients were randomized either to follow-up testing with computed
tomography of the thorax and abdomen and serum carcinoembryonic antigen at 6, 12, 18, 24,
and 36 months after surgery (high-frequency group; n = 1253 patients) or at 12 and 36
months after surgery (low-frequency group; n = 1256 patients).

MAIN OUTCOMES AND MEASURES The primary outcomes were 5-year overall mortality and
colorectal cancer–specific mortality rates. The secondary outcome was the colorectal
cancer–specific recurrence rate. Both intention-to-treat and per-protocol analyses
were performed.

RESULTS Among 2555 patients who were randomized, 2509 were included in the
intention-to-treat analysis (mean age, 63.5 years; 1128 women [45%]) and 2365 (94.3%)
completed the trial. The 5-year overall patient mortality rate in the high-frequency group was
13.0% (161/1253) compared with 14.1% (174/1256) in the low-frequency group (risk difference,
1.1% [95% CI, −1.6% to 3.8%]; P = .43). The 5-year colorectal cancer–specific mortality rate in
the high-frequency group was 10.6% (128/1248) compared with 11.4% (137/1250) in the
low-frequency group (risk difference, 0.8% [95% CI, −1.7% to 3.3%]; P = .52). The colorectal
cancer–specific recurrence rate was 21.6% (265/1248) in the high-frequency group compared
with 19.4% (238/1250) in the low-frequency group (risk difference, 2.2% [95% CI, −1.0% to
5.4%]; P = .15).

CONCLUSIONS AND RELEVANCE Among patients with stage II or III colorectal cancer, follow-up
testing with computed tomography and carcinoembryonic antigen more frequently
compared with less frequently did not result in a significant rate reduction in 5-year overall
mortality or colorectal cancer–specific mortality.
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A cross very high human deprivation index countries,
0.7 million new cases of colorectal cancer are diag-
nosed annually.1 Two-thirds of these patients present

at tumor stage II or III,2 and the majority of whom undergo cu-
rative resection and are eligible for subsequent surveillance
screening. In most countries, patients undergo follow-up
examinations to detect cancer recurrence. However, the ques-
tion of appropriate follow-up intervals has been controver-
sial, and varying intensity of follow-up has been used within
and among countries.3,4 The reasons for patient follow-up
after colorectal surgery with curative intent include (1) to de-
tect recurrence and adverse effects when curative treat-
ment is still possible, thus improving survival; (2) to assess the
quality of the primary treatment; (3) to detect metachronous
tumors; and (4) to satisfy a patient’s desire for information
about prognosis.5

From 2005 to the present, approaches for treating recur-
rence, including resection of liver and lung metastases and im-
proved adjuvant and palliative chemotherapy,6 have im-
proved patient outcomes. The availability of better treatment
for metastatic disease prompted evaluation of the survival ben-
efit with more-intensive vs less-intensive surveillance after pri-
mary surgery. However, systematic reviews and a random-
ized trial provided inconclusive evidence regarding survival
benefit.7-13 This lack of consistency highlights the need for a
large contemporary trial to evaluate any survival benefit as-
sociated with more intense follow-up.

Given the advances in treatment options, we sought to de-
termine whether intensive frequency of surveillance tests pro-
vides a survival benefit after curative resection among pa-
tients with stage II or III colorectal cancer (COLOFOL trial).
Specifically, this randomized trial was designed to compare sur-
veillance with a more intensive vs a less intensive schedule of
follow-up testing with computed tomography (CT) and se-
rum carcinoembryonic antigen (CEA). The hypothesis was that
more intense follow-up testing with CT and CEA and a focus
on potentially treatable recurrences (eg, lung and liver metas-
tases) would decrease 5-year overall and colorectal cancer–
specific mortality rates and extend time to colorectal cancer–
specific recurrence.

Methods
Trial Design and Study Setting
The COLOFOL study group was established in 2004 and in-
vited centers in Denmark, Sweden, Ireland, Poland, Hungary,
England, the Netherlands, and Uruguay to participate in
recruitment.5 To take part in the study, each center was sup-
posed to enroll at least 50 patients within 2 years and at least
30% of its eligible patients. These criteria were modified by the
steering committee in 2007 after study initiation because
smaller centers could not achieve the 50-patient threshold;
therefore, the minimum inclusion was reduced to 20 pa-
tients within 2 years.5

The recruitment centers in Hungary, England, and the
Netherlands were never established (mainly due to conflict-
ing national clinical guidelines) and 5 centers in Poland and

Ireland did not meet the minimum threshold and were ex-
cluded. Twenty-four recruitment centers in Denmark, Sweden,
and Uruguay remained in the study. The study was approved
by ethics committees in each of the participating countries.
The study protocol and statistical analysis plan appear in
Supplement 1.

Participants
Inclusion criteria were surgical resection with curative intent
for colorectal adenocarcinoma (with or without adjuvant treat-
ment), age of 75 years or younger, provision of written in-
formed consent for participation, a colon and rectum free of
neoplasia verified by perioperative barium enema or a colo-
noscopy within 3 months after surgery, and tumor stage II
or III (T3-T4, N0, M0, any N1-N2, M0).

Exclusion criteria were a clinical diagnosis of hereditary
nonpolyposis colorectal cancer or familial adenomatous pol-
yposis, local resection of colorectal cancer (eg, transanal en-
doscopic microsurgery procedure), life expectancy of less than
2 years due to comorbid conditions (eg, cardiac disease, ad-
vanced multiple sclerosis with systemic complications, or liver
cirrhosis), inability or refusal to provide informed consent, in-
ability to comply with study requirements, inability to toler-
ate surgery for recurrence, other or previous malignancies
(except for nonmelanoma skin cancer), or participation in an-
other clinical trial that was incompatible with this study’s
follow-up regimen.

Participants were required to have at least 1 imaging pro-
cedure (ultrasonography, magnetic resonance imaging, or CT)
of the liver and CT or radiography of the lungs prior to sur-
gery. Patients also were required to have testing with CEA at 1
month after surgery. Patients with an elevated CEA level were
enrolled only after a completely negative diagnostic workup.
Written informed consent for participation was obtained at
least 30 days after surgical resection of the primary colorectal
cancer.

Intervention
Patients randomized to the high-frequency group were re-
quired to have follow-up testing with multislice contrast-
enhanced CT of the thorax and abdomen and CEA at 6, 12, 18,
24, and 36 months after surgery. Patients randomized to the
low-frequency group were required to have follow-up testing

Key Points
Question Is intensive follow-up of patients after curative surgery
for colorectal cancer effective in reducing mortality?

Findings In this randomized clinical trial that included 2509
patients with stage II or III colorectal cancer, follow-up testing with
computed tomography and serum carcinoembryonic antigen on 5
vs 2 occasions did not result in a significant difference in the 5-year
overall mortality rate (13.0% vs 14.1%, respectively) or colorectal
cancer–specific mortality rate (10.6% vs 11.4%).

Meaning Among patients with stage II or III colorectal cancer,
increased frequency of follow-up testing did not reduce the 5-year
mortality rate.

Research Original Investigation Effect of More vs Less Frequent Follow-up Testing on Overall and Cancer-Specific Mortality

2096 JAMA May 22/29, 2018 Volume 319, Number 20 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.5623&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.5623
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.5623


with multislice contrast-enhanced CT of the thorax and ab-
domen and CEA at 12 and 36 months after surgery. Testing with
a pelvic CT was not required. Participating patients were ran-
domized in block sizes of 10 by computer allocation to 1 of the
2 follow-up regimens.

Endoscopy and examination for pelvic recurrence were al-
lowed in both groups at the discretion of the treating physi-
cian. Although permitted in the study, no department used
magnetic resonance imaging or chest radiography as part of
its surveillance program. An external consultant (Lennart
Blomquist, PhD, Karolinska Hospital, Stockholm, Sweden) with
extensive experience in abdominal CT certified the quality of
the CT scans at each recruitment center (Supplement 1).

After verification of study enrollment criteria, baseline in-
formation for each participant (sex, comorbidity, and life-
style factors such as smoking and alcohol consumption, pre-
operative diagnosis and staging, type of surgery performed,
pathological staging after surgery, postoperative complica-
tions, blood transfusions, and adjuvant chemotherapy or ra-
diation therapy) was recorded. At each follow-up surveil-
lance examination, data were collected on symptoms, CT scans,
and CEA test results per the trial protocol, and additional ex-
aminations were performed for suspected recurrence. In ac-
cordance with the study’s pragmatic approach, up to 3 months’
variability in follow-up intervals was allowed to accommo-
date local needs for prioritization and patient preferences.

Symptoms leading to interval examinations also were re-
corded. If a recurrence was not detected during an interval
follow-up examination, the patient was allowed to continue
in the study. If a recurrence was suspected during any follow-up
examination, the case was discussed at a meeting of the local
multidisciplinary team and further diagnostic assessment (eg,
positron emission tomography or CT) and treatment was un-
dertaken as recommended (eg, surgery for liver or other me-
tastases, referral for chemotherapy or radiation therapy, or both
surgery and therapy).

Each center had to follow-up all study participants with
surveillance examinations until 3 years after surgery accord-
ing to the protocol and to report outcomes to the study’s co-
ordinating center until 5 years after surgery. Clinically diag-
nosed recurrences and deaths were reported at the time of the
event. All patients were tracked throughout the study by moni-
toring their inpatient and outpatient records and through link-
age with national population and cancer registries (except in
Uruguay because only hospital data were available).14,15

Patients known to have emigrated or whose medical rec-
ords were discontinued were deemed lost to follow-up and cen-
sored on the date of their last identifiable data point. Follow-up
ended on December 31, 2015. All data were submitted elec-
tronically from the recruitment centers to the study’s coordi-
nating center in Denmark.

Outcomes
The primary outcomes were 5-year overall mortality and 5-year
colorectal cancer–specific mortality rates. The secondary out-
come was the colorectal cancer–specific recurrence rate dur-
ing 5 years of follow-up. Potential adverse events were not sys-
tematically tracked.

Statistical Analysis
Sample Size Calculation
At the time the study was designed, the results of 2 meta-
analyses7,8 pointed out an effect in favor of high-intensity
follow-up. One of these meta-analyses additionally reported
the range of absolute reduction in mortality rate from 9% to
13%.7 Given the uncertainty in the evidence, and the inclu-
sion of a surveillance intervention in the comparator group
(whereas some older trials had no surveillance intervention in
the comparator group), the study was designed to detect an
absolute difference in mortality rate of 6% between the low-
intensity and high-intensity surveillance groups.

Assuming a 5% risk of type I error and a 15% risk of type II
error, 1083 patients needed to be randomized to each group.
Given an expected dropout rate of 20%, the planned number
of randomized patients was 2500.

Main Statistical Analysis
Participants were characterized by randomization group
and by sex, age, clinical variables, comorbidities, and the
lifestyle factors of smoking and alcohol consumption. Pri-
mary and secondary outcomes data were analyzed using the
Kaplan-Meier method and the log-rank test was used for
between-group comparisons. In the time-to-recurrence
analysis, patients were censored at the time of death. In the
intention-to-treat analyses, trial participants were followed
up from the date of radical surgery for colorectal cancer
until the analyzed study outcome, date of dropout, date
when lost to follow-up, or at 5-year follow-up, whichever
came first.

In addition, risk differences in the 5-year mortality rate
and in the recurrence probabilities were calculated with 95%
CIs. The cumulative incidence curves were computed using
Kaplan-Meier estimates minus 1. Study results were evalu-
ated on an intention-to-treat basis and on an as-treated per-
protocol basis. There were missing data for some key vari-
ables for 11 patients (5 in the high-frequency group and 6 in
the low-frequency group). Patients who withdrew informed
consent or switched to another follow-up regimen remained
in their randomized group for the intention-to-treat analysis,
but were excluded from the per-protocol analysis.

Post Hoc Subgroup Analysis
Post hoc analyses were stratified by cancer stage (stage II or
III) and were repeated for patients with rectal cancer who had
or did not have preoperative radiotherapy. Moreover, a poten-
tial statistical cancer stage × frequency of follow-up testing in-
teraction was assessed by inclusion of these interaction terms
in a Cox regression model.

Post Hoc Sensitivity Analysis
To test the robustness of the risk estimates, 3 additional
sensitivity analyses were performed. First, Cox proportional
hazard regression was used to compute hazard ratios (HRs)
with 95% CIs for overall mortality rate, colorectal cancer–
specific mortality rate, and colorectal cancer–specific recur-
rence rate. The analysis was adjusted for age at colorectal
cancer surgery, sex, colorectal cancer type, cancer stage,
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diabetes, cardiovascular disease, pulmonary disease, cere-
brovascular disease, preoperative radiation, adjuvant che-
motherapy, and smoking.

Second, the main analysis was repeated for the pri-
mary and secondary outcomes and compared the outcomes
among the 3 participating countries of Denmark, Sweden,
and Uruguay.

Third, a frailty model analysis was performed for the
primary and secondary outcomes by introducing ran-
dom effects in the model to account for associations and
unobserved heterogeneity due to participation of dif-
ferent centers.16

The level of significance was P < .05 with a 2-sided test.
The Bonferroni correction was used to account for multiple
comparisons in the post hoc subgroup analysis.17 Each indi-
vidual hypothesis was tested at a significance level of α di-
vided by n, where α was the critical P value level for signifi-
cance and n was the number of different tests. Instead of setting
the critical P level for significance at .05, a new significance
level of .02 (P = .05/3) was defined given the 3 end points. The
statistical analyses were conducted using the SAS version 9.4
(SAS Institute Inc).

Results

Of the 13 718 patients who underwent surgery for colorectal
cancer between January 2006 and December 2010 at par-
ticipating recruitment centers, 2555 were randomized,
and 2509 were included in the intention-to-treat analysis.
The number of participants assessed for eligibility and
the reasons for exclusion appear in Figure 1. There were
1253 patients in the high-frequency group and 1256 patients
in the low-frequency group who were included in the
intention-to-treat analysis.

The demographic characteristics of the patients and the
clinical risk factors appear in the Table. The 2 groups were well
balanced, with no major differences observed between pa-
tients in the high-frequency and low-frequency groups. Pa-
tients in the high-frequency group should have had CT on 5
occasions and the median number was 5 (mean, 4.3); pa-
tients in the low-frequency group should have had CT on 2 oc-
casions and the median number was 2 (mean, 1.8).

The proportion of patients with no protocol violations
was 94.2% in the high-frequency group and 94.3% in the

Figure 1. Patient Flow Through the COLOFOL Trial

13 718 Patients undergoing surgery
for colorectal cancer assessed
for eligibility

11 163 Excluded
 7671 Did not meet inclusion criteria

382 Declined to participate
256 Unknown colorectal cancer stage
171 Undergoing follow-up at

another hospital
164 Physician decision
158 Undergoing complicated

postoperative treatment course

1198 Met exclusion criteria

404 Incomplete information

401 Earlier or synchronous cancer 
289 No radical resection 
208 Participating in another study 
161 Patient unable to comply

(dementia or other condition)
71 Died after operation
68 Life expectancy <2 y

2555 Randomized

1275 Randomized to receive follow-up
at 6, 12, 18, 24, and 36 mo after
surgery with computed tomography
and carcinoembryonic antigen
testing (high-frequency follow-up)
1253 Received intervention

as randomized
22 Did not receive intervention

as randomized (center
noncompliant)

1280 Randomized to receive follow-up
at 12 and 36 mo after surgery
with computed tomography
and carcinoembryonic antigen
testing (low-frequency follow-up)
1256 Received intervention

as randomized
24 Did not receive intervention

as randomized (center
noncompliant)

1253 Included in intention-to-treat analysis

1180 Included in per-protocol analysis
73 Excluded (protocol violation)

1256 Included in intention-to-treat analysis

1185 Included in per-protocol analysis
71 Excluded (protocol violation)

759 Other reasons
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low-frequency group. The rates and reasons for protocol vio-
lations were similar in the groups (eTable 1 in Supplement 2).
The most common reason was missing follow-up visits (45 pa-
tients). Seven patients were lost to follow-up.

Primary Outcomes
Among all participants, the 5-year overall mortality rate was
13.6%. The 5-year overall mortality rate was 13.0% (95% CI,
11.3% to 15.1%; n = 161) among the 1253 patients in the high-
frequency group vs 14.1% (95% CI, 12.3% to 16.2%; n = 174)
among the 1256 patients in the low-frequency group in the in-
tention-to-treat analysis (risk difference, 1.1% [95% CI, −1.6%
to 3.8%]; P = .43). Cumulative incidence plots appear in
Figure 2. In the per-protocol analysis, the 5-year mortality rate
was 13.3% (95% CI, 11.5% to 15.4%; n = 157) among the 1180 pa-
tients in the high-frequency group vs 14.5% (95% CI, 12.6% to
16.7%; n = 172) among the 1185 patients in the low-frequency
group (risk difference, 1.2% [95% CI, −1.6% to 4.0%]; P = .39;
Figure 2).

There were no significant between-group differences in the
5-year colorectal cancer–specific mortality rate in the intention-
to-treat and per-protocol analyses (Figure 3). The colorectal
cancer–specific mortality rate was 10.6% (95% CI, 9.0%
to 12.5%; n = 128) among the 1248 patients in the high-
frequency group vs 11.4% (95% CI, 9.7% to 13.3%; n = 137)
among the 1250 patients in the low-frequency group in the
intention-to-treat analysis (risk difference, 0.8% [95% CI, −1.7%
to 3.3%]; P = .52). In the per-protocol analyses, the 5-year co-
lorectal cancer–specific mortality rate was 10.8% (95% CI, 9.2%
to 12.8%; n = 125) among the 1176 patients in the high-
frequency group vs 11.7% (95% CI, 10.0% to 13.7%; n = 136)
among the 1179 patients in the low-frequency group (risk dif-
ference, 0.9% [95% CI, −1.7% to 3.5%]; P = .46).

Secondary Outcome
The risk of detected colorectal cancer–specific recurrence was
not significantly increased at 21.6% (95% CI, 19.4% to 24.0%;
n = 265) among the 1248 patients in the high-frequency group

Table. Demographic Characteristics and Clinical Prognostic Factors

Intention-to-Treat Analysis Per-Protocol Analysis
High-Frequency
Follow-up Group
(n = 1253)

Low-Frequency
Follow-up Group
(n = 1256)

High-Frequency
Follow-up Group
(n = 1180)

Low-Frequency
Follow-up Group
(n = 1185)

Men, No. (%) 706 (56.3) 675 (53.7) 663 (56.2) 634 (53.5)

Age group, y, No. (%)a

≤50 85 (6.8) 98 (7.8) 80 (6.8) 93 (7.8)

51-60 247 (19.7) 274 (21.8) 235 (19.9) 259 (21.9)

61-70 620 (49.5) 573 (45.6) 580 (49.2) 547 (46.2)

>70 301 (24.0) 311 (24.8) 285 (24.2) 286 (24.1)

Age, median (IQR), y 65.2 (59.6-69.7) 64.7 (58.6-69.9) 65.2 (59.5-69.7) 64.6 (58.6-69.8)

Type of cancer, No. (%)a

Rectal 428 (34.2) 456 (36.3) 412 (34.9) 433 (36.5)

Right side of colon 355 (28.3) 357 (28.4) 325 (27.5) 331 (27.9)

Transverse colon 68 (5.4) 47 (3.7) 63 (5.3) 44 (3.7)

Left side of colon 416 (33.2) 419 (33.4) 392 (33.2) 398 (33.6)

Type of treatment, No. (%)

Preoperative radiation 247 (19.7) 276 (22.0) 238 (20.2) 258 (21.8)

Adjuvant chemotherapy 591 (47.2) 581 (46.3) 561 (47.5) 543 (45.8)

Cancer stage II (T3-4, N0, M0), No. (%)b 675 (53.9) 677 (53.9) 625 (53.0) 641 (54.1)

Medical history, No. (%)

Diabetes 117 (9.3) 107 (8.5) 108 (9.2) 99 (8.4)

Cardiovascular disease 383 (30.6) 414 (33.0) 363 (30.8) 384 (32.4)

Pulmonary disease 77 (6.1) 66 (5.3) 69 (5.8) 60 (5.1)

Cerebrovascular disease 36 (2.9) 39 (3.1) 34 (2.9) 36 (3.0)

Other major disease 61 (4.9) 61 (4.9) 59 (5.0) 58 (4.8)

Current smokerc 198 (15.8) 212 (16.9) 185 (15.7) 201 (17.0)

Consume >3 alcohol drinks/d 59 (4.7) 53 (4.2) 53 (4.5) 51 (4.3)

Unplanned CT, No. (%) 75 (6.0) 100 (8.0) 68 (5.8) 88 (7.4)

CT during follow-up, No. of occasions

Mean (SD) 4.3 (1.5) 1.8 (0.6) 4.4 (1.4) 1.8 (0.6)

Median (IQR) 5.0 (5.0-5.0) 2.0 (2.0-2.0) 5.0 (5.0-5.0) 2.0 (2.0-2.0)

Abbreviations: CT, computed tomography; IQR, interquartile range.
a Category may not sum to 100% due to rounding.

b Remaining patients had stage III (T1-4, N1-2, M0) cancer.
c Daily or only occasionally.
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vs 19.4% (95% CI, 17.3% to 21.8%; n = 238) among the 1250 pa-
tients in the low-frequency group in the intention-to-treat
analysis (risk difference, 2.2% [95% CI, −1.0% to 5.4%]; P = .15;
Figure 4). However, the rate of colorectal cancer–specific re-
currence was higher for the high-intensity group during the
time intervals in which patients in the low-intensity group had
no examinations (after 6 months and again at 18 and 24
months). The same pattern was observed in the per-protocol
analyses with a colorectal cancer–specific recurrence rate of
22.1% (257/1176) in the high-frequency group vs 19.8% (231/
1179) in the low-frequency group (risk difference, 2.3% [95%
CI, −1.0% to 5.6%]; P = .15).

Post Hoc Subgroup Analysis
The analyses stratified by cancer stage yielded no significant
between-group differences (eTable 2 in Supplement 2).
Patients with rectal cancer constituted a special subgroup.
In the intention-to-treat analysis, the 5-year overall mor-
tality rate was 13.7% (95% CI, 10.8%-17.4%; n = 58) among the
428 patients with rectal cancer in the high-frequency group
vs 15.0% (95% CI, 12.0%-18.7%; n = 67) among the 456
patients with rectal cancer in the low-frequency group.
Among these 884 patients, 510 received preoperative radio-
therapy. There was no between-group difference in the
5-year overall mortality rate.

Figure 3. Primary Outcome of Colorectal Cancer–Specific Mortality by Time From Colorectal Cancer Surgery for the Intention-to-Treat
and Per-Protocol Analyses
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Among the patients in the intention-to-treat population
who received radiotherapy, the 5-year overall mortality rate was
14.9% (35/239) in the high-frequency group vs 14.0% (37/271)
in the low-frequency group (P = .84). Among the patients in
the intention-to-treat population who did not receive radio-
therapy, the 5-year overall mortality rate was 12.3% (23/189)
in the high-frequency group vs 16.5% (30/185) in the low-
frequency group (P = .27). Among the patients in the per-
protocol population who received radiotherapy, the 5-year
overall mortality rate was 14.8% (34/230) in the high-
frequency group vs 14.3% (36/253) in the low-frequency group
(P = .91). Among the patients in the per-protocol population
who did not receive radiotherapy, the 5-year overall mortal-
ity rate was 12.6% (23/182) in the high-frequency group vs 16.1%
(29/180) in the low-frequency group (P = .38). There was no
significant cancer stage × frequency of follow-up testing in-
teraction observed for the 5-year overall mortality rate (P = .64
for interaction).

Post Hoc Sensitivity Analysis
In the intention-to-treat analysis, no significant associations with
the primary outcomes were found in a Cox regression analysis
controlling for covariates when patients in the high-intensity
group were compared with patients in the low-intensity group
for the 5-year overall mortality rate (adjusted HR, 0.90; 95% CI,
0.73-1.12) or the colorectal cancer–specific mortality rate
(adjusted HR, 0.92; 95% CI, 0.72-1.17). The risk of detected re-
currence was not significantly increased in the high-intensity
group compared with the low-intensity group (adjusted HR, 1.15
[95% CI, 0.97-1.38]; eTable 3 in Supplement 2).

No significant differences were observed in the sensitiv-
ity analysis of the 3 participating countries (eFigure in
Supplement 2). No significant between-group differences were
found in the frailty analysis (eTable 4 in Supplement 2).

Discussion
In this trial of more than 2500 patients with colorectal cancer
who underwent surgery with curative intent, no significant rate

differences in 5-year overall mortality or colorectal cancer–
specific mortality were found when the intensity of postop-
erative colorectal cancer follow-up was increased from 2 to 5
examinations during the 3 years after surgery and with 5 years
of follow-up. In the high-intensity group, colorectal cancer–
specific recurrence was detected earlier, but this did not trans-
late into a reduced mortality rate.

The data extend former research on the utility of postop-
erative colorectal cancer follow-up. Systematic reviews con-
ducted in 2002, 2003, and 2007 (including meta-analyses of
randomized trials comparing intensive vs less intensive follow-
up) indicated that more intense regimens were associated with
improved survival.7-10 Only use of testing with CEA and CT
of the liver demonstrated significant efficacy in detecting
recurrence.7-10 The included studies were heterogeneous and
cancer-specific survival data were not statistically signifi-
cant. Furthermore, the survival benefit might not have been
related to earlier detection and treatment of recurrent disease.18

In addition, most studies were conducted during the era
before the availability of advanced imaging techniques, mul-
timodal treatment of metastatic disease, or both, which is re-
flected by a very high local recurrence rate and a high propor-
tion of detected metachronous primary tumors.

The data correspond with the Follow-up After Colorectal
Surgery (FACS) trial and a 2016 meta-analysis.11-13 The FACS
trial included 1202 patients who had undergone curative
treatment for Duke colorectal cancer stages A to C in 39 hos-
pitals in the United Kingdom. The patients were allocated to 1
of 4 study regimens: minimum follow-up, CEA testing only,
CT only, or CEA testing plus CT. Serum CEA level was mea-
sured every 3 months for 2 years and then every 6 months for
3 years. Computed tomography of the chest, abdomen, and
pelvis was done every 6 months for 2 years and then annu-
ally for 3 years. Those in the minimum follow-up and CEA
testing only groups had a CT only once during 12 to 18
months of follow-up. Mortality during follow-up was 18.2%
in the combined intensive follow-up groups compared with
15.9% in the combined minimum follow-up groups. The
authors13 concluded that (1) the survival advantage of any
intervention was small and (2) the trial lacked sufficient

Figure 4. Secondary Outcome of Colorectal Cancer–Specific Recurrence
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power to assess whether improved detection of treatable
recurrences achieved by intensive follow-up leads to a re-
duced overall mortality rate.

Likewise, the 2016 review did not suggest any overall
survival benefit from intensifying patient follow-up after
curative surgery for colorectal cancer.11 This updated review
included 5403 participants enrolled in 15 earlier studies and
in 2 new studies. The review concluded that more partici-
pants were treated with salvage surgery with curative intent
in the intensive follow-up group, but this was not associated
with improved survival. Harms related to intensive follow-up
and salvage therapy were not well reported.

Survival was higher than expected in both the present
trial and in the FACS trial.12 The differences in survival might
reflect the lower proportion of emergency procedures in
the present study and the better outcomes expected for
patients recruited to a randomized trial compared with pa-
tients receiving routine clinical care.19 Another likely expla-
nation is that the design of the study, which required (based
on FASC results12) a colon and rectum free of neoplasia and
a meticulous preoperative workup excluding synchronous
metastases, reduced the rate of residual cancer disease
at study entry. Furthermore, survival improved during the
study period in the general population with colorectal can-
cer in both Sweden and Denmark,20-22 probably due to im-
proved adjuvant treatment and centralized surgery. Based on
national cancer registry data, corresponding survival figures
for the same period and using the same inclusion criteria
were 86.4% in Denmark and 85.0% in Sweden. This also may
explain the discrepancy in this trial’s findings compared with
those of the meta-analyses.7-10 In the studies included in the
meta-analyses, residual disease rather than recurrence could
have been detected during follow-up. This is consistent with
an analysis of randomized patients vs eligible patients in the
present study, which showed no difference in distribution of
age and sex.

However, more patients with colon cancer were random-
ized compared with nonparticipating eligible patients (56% vs
51%, respectively) and had stage II cancer (56% vs 49%).5 It is
also unlikely that more aggressive tumor biology had an ef-
fect. In the subgroup analyses based on cancer stage, no im-
proved efficacy of high-intensity follow-up among patients with
stage III disease vs patients with stage II disease or any differ-
ence due to tumor site (ie, colon or rectum) were detected.

Progress in the diagnosis and treatment of colorectal can-
cer has intensified the discussion of how and when to
follow-up patients after resection with curative intent. Test-
ing of CEA levels, which has long been considered to be cen-
tral to surveillance,4 was questioned in a study based on
20-year follow-up of the first large CEA trial.7 However, the

results of another study led to CEA testing being recom-
mended by Verberne et al.23 For luminal recurrence, the
follow-up method of choice is colonoscopy. However, lumi-
nal recurrence seldom occurs and detection programs have
shown no effect.24

Limitations
This study has several limitations. First, turnover of respon-
sible investigators and staff in many recruitment centers dur-
ing a long study period is a possible weakness because any non-
adherence to the protocol would most likely bias this trial’s
findings toward the null.19,25,26 However, the adherence to the
follow-up protocol was good and similar to the FACS trial.12

A second concern is that due to the nature of the study de-
sign, it was not possible to blind patients and physicians to the
frequency of the follow-up examinations.14 Third, an intention-
to-treat analysis will tend to underestimate an effect,19,25,27 but
such bias was likely small because the per-protocol analysis
produced similar results. Fourth, survival was higher than ex-
pected in both the present trial and in the FACS trial.12 With
fewer outcomes than expected, the statistical power to de-
tect a small significant between-group difference was re-
duced. Fifth, lack of systematic recording of potential ad-
verse events might have led to underestimation of these events.

When this study was initiated in 2005, Danish guidelines20

advocated follow-up corresponding to that received by the cur-
rent trial’s low-frequency group. In Sweden, no surveillance pro-
grams were used and regimens varied between no follow-up to
yearly follow-up for 5 years. In the national guidelines re-
leased by the Swedish National Board of Health and Welfare in
2014, no specific recommendation was presented instead there
was a statement noting that studies were under way.21 The
Swedish national medical program for colorectal cancer that was
released in 2016 advocated use of the current trial’s low-
frequency group regimen in the interim.21 No national guide-
lines existed in Uruguay at the time of study initiation.

The low-intensity follow-up tested in this clinical trial is
less than the recommended guidelines from the National Com-
prehensive Cancer Network and the American Society of Clini-
cal Oncology.28,29 The results of this trial should be consid-
ered as the evidence base for updating these clinical guidelines.

Conclusions
Among patients with stage II or III colorectal cancer, follow-up
testing with computed tomography and carcinoembryonic an-
tigen more frequently compared with less frequently did not
result in a significant rate reduction in 5-year overall mortal-
ity or colorectal cancer–specific mortality.

ARTICLE INFORMATION

Accepted for Publication: April 17, 2018.

Author Affiliations: Abdominal Disease Center,
Bispebjerg Hospital and Danish Colorectal Cancer
Group, Copenhagen, Denmark (Wille-Jørgensen,
Petersen); Department of Surgery, Skåne University
Hospital, Malmö, Sweden (Syk); Department of

Surgery, Vâstmanlands Hospital, Västerås, Sweden
(Smedh); Department of Surgery, Aarhus University
Hospital, Aarhus, Denmark (Laurberg); Department
of Radiology, Aarhus University Hospital, Aarhus,
Denmark (Nielsen); Manchester Cancer Research
Centre and NIHR Manchester Biomedical Research
Centre, the Christie NHS Foundation Trust, Division
of Cancer Science, School of Medical Sciences,

Faculty of Biology, Medicine, and Health, University
of Manchester, Manchester, England (Renehan);
Department of Clinical Epidemiology, Aarhus
University Hospital, Aarhus, Denmark (Horváth-
Puhó, Sørensen); Department of Surgical Science,
Uppsala University, Uppsala, Sweden (Påhlman);
Department of Health Research and Policy,
Stanford University, Stanford, California (Sørensen).

Research Original Investigation Effect of More vs Less Frequent Follow-up Testing on Overall and Cancer-Specific Mortality

2102 JAMA May 22/29, 2018 Volume 319, Number 20 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.5623


Author Contributions: Dr Wille-Jørgensen had full
access to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Wille-Jørgensen, Syk, Smedh,
Laurberg, Nielsen, Renehan, Påhlman, Sørensen.
Acquisition, analysis, or interpretation of data: Syk,
Smedh, Laurberg, Petersen, Renehan,
Horváth-Puhó, Påhlman, Sørensen.
Drafting of the manuscript: Wille-Jørgensen,
Sørensen.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Horváth-Puhó, Sørensen.
Obtained funding: Wille-Jørgensen, Påhlman.
Administrative, technical, or material support:
Wille-Jørgensen, Petersen.
Supervision: All authors.

Conflict of Interest Disclosures: The authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.
Dr Renehan reported receiving honoraria from
Janssen-Cilag and Merck Serona for giving lectures.
No other disclosures were reported.

Funding/Support: This study was funded by
unrestricted grants from the Nordic Cancer Union,
A. P. Møller Foundation, Beckett Foundation,
Grosserer Chr. Andersen og hustru bursary, Sigvald
og Edith Rasmussens Memorial Fund, Martha
Margrethe og Christian Hermansens Fund, the
Danish Medical Association, the Danish Cancer
Society, the Danish Council for Independent
Research/Medical Sciences (all awarded to
Dr Wille-Jørgensen), and by unrestricted grant
CAN 2013/553 from the Swedish Cancer
Foundation (awarded to Dr Påhlman).

Role of the Funder/Sponsor: The sponsors
had no role in the design and conduct of the
study; collection, management, analysis, and
interpretation of the data; preparation, review,
or approval of the manuscript; and decision to
submit the manuscript for publication.

Group Information: The COLOFOL Study Group
members are Per Vadgaard Andersen (Svendborg
Hospital), Henrik Christensen (Aarhus University
Hospital), Per Gandrup (Aalborg University
Hospital), Per Jess (Hillerød Hospital), Mogens
Rørbæk Madsen (Herning Hospital), Allan Gorm
Pedersen (Randers Hospital), and Erling Østergaard
(Viborg Hospital) (all hospitals are in Denmark);
Pernilla Hansdotter Andersson (Skåne University
Hospital, Malmö), Jonas Bengtsson (Sahlgrenska
Hospital, Gothenburg), Mats Bragmark (Danderyd
University Hospital), Pamela Buchwald
(Helsingborg Hospital), Monica Egenvall (Karolinska
Hospital Huddinge, Stockholm), Parastau Farahnak
(Södersjukhuset, Stockholm), Joakim Folkesson
(Uppsala Academic Hospital), Michael Goldinger
(St Görans Hospital, Stockholm) Rolf Heuman
(Mora Hospital), Kenneth Lindberg (Södertälje
Hospital), Anna Martling (Karolinska Hospital Solna,
Stockholm), Pia Näsvall (Sunderby Hospital Luleå),
Johan Ottosson (Kristianstad Hospital), and Birger
Sandzén (Norrland University Hospital, Umeå) (all
hospitals are in Sweden); and Carlos Barberousse
(Maciel University Hospital, Montevideo, Uruguay).

Additional Information: Coauthor Lars Påhlman,
PhD, died November 21, 2015.

Additional Contributions: The members of the
COLOFOL Steering Committee (in alphabetic order)

are Erzsébet Horváth-Puhó (Aarhus University
Hospital, Denmark), Søren Laurberg (Aarhus
University Hospital, Denmark), Lars Påhlman
(Uppsala Academic Hospital, Sweden), Andrew
Renehan (University of Manchester, England),
Kenneth Smedh (Västerås Hospital, Sweden),
Ingvar Syk (Skåne University Hospital, Malmö,
Sweden), Henrik Toft Sørensen (Aarhus University
Hospital, Denmark), Peer Wille-Jørgensen (primary
investigator; Bispebjerg University Hospital,
Copenhagen, Denmark). The trial was coordinated
by Peer Wille-Jørgensen and Sune Petersen at
Bispebjerg University Hospital, Denmark.

REFERENCES

1. GLOBOCAN. 2012 fact sheet. http://globocan.iarc
.fr/Pages/fact_sheets_population.aspx. Accessed
April 14, 2018.

2. Maringe C, Walters S, Rachet B, et al. Stage at
diagnosis and colorectal cancer survival in six
high-income countries. Acta Oncol. 2013;52(5):
919-932.

3. Steele SR, Chang GJ, Hendren S, et al. Practice
guideline for the surveillance of patients after
curative treatment of colon and rectal cancer.
Dis Colon Rectum. 2015;58(8):713-725.

4. Rosen M, Chan L, Beart RW Jr, Vukasin P,
Anthone G. Follow-up of colorectal cancer.
Dis Colon Rectum. 1998;41(9):1116-1126.

5. Hansdotter Andersson P, Wille-Jørgensen P,
Horváth-Puhó E, et al; COLOFOL Study Group.
The COLOFOL trial: study design and comparison of
the study population with the source cancer
population. Clin Epidemiol. 2016;8:15-21.

6. Kanas GP, Taylor A, Primrose JN, et al. Survival
after liver resection in metastatic colorectal cancer:
review and meta-analysis of prognostic factors. Clin
Epidemiol. 2012;4:283-301.

7. Renehan AG, Egger M, Saunders MP, O’Dwyer ST.
Impact on survival of intensive follow up after
curative resection for colorectal cancer: systematic
review and meta-analysis of randomised trials. BMJ.
2002;324(7341):813.

8. Jeffery GM, Hickey BE, Hider P. Follow-up
strategies for patients treated for non-metastatic
colorectal cancer. Cochrane Database Syst Rev.
2002;(1):CD002200.

9. Figueredo A, Rumble RB, Maroun J, et al.
Follow-up of patients with curatively resected
colorectal cancer. BMC Cancer. 2003;3(1):26.

10. Tjandra JJ, Chan MK. Follow-up after curative
resection of colorectal cancer: a meta-analysis.
Dis Colon Rectum. 2007;50(11):1783-1799.

11. Jeffery M, Hickey BE, Hider PN, See AM.
Follow-up strategies for patients treated for
non-metastatic colorectal cancer. Cochrane
Database Syst Rev. 2016;(11):CD002200.

12. Primrose JN, Perera R, Gray A, et al. Effect of 3
to 5 years of scheduled CEA and CT follow-up to
detect recurrence of colorectal cancer. JAMA. 2014;
311(3):263-270.

13. Mant D, Gray A, Pugh S, et al. 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. Health Technol Assess.
2017;21(32):1-86.

14. Ludvigsson JF, Almqvist C, Bonamy AK, et al.
Registers of the Swedish total population and their
use in medical research. Eur J Epidemiol. 2016;31(2):
125-136.

15. Schmidt M, Pedersen L, Sørensen HT.
The Danish Civil Registration System as a tool in
epidemiology. Eur J Epidemiol. 2014;29(8):541-549.

16. Hougaard P. Frailty models for survival data.
Lifetime Data Anal. 1995;1(3):255-273.

17. Armitage P, Berry G. Statistical Methods in
Medical Research. Oxford, England: Blackwell
Scientific Publications; 1994:331.

18. Renehan AG, Egger M, Saunders MP, O’Dwyer ST.
Mechanisms of improved survival from intensive
followup in colorectal cancer: a hypothesis. Br J Cancer.
2005;92(3):430-433.

19. Sørensen HT, Lash TL, Rothman KJ. Beyond
randomized controlled trials. Hepatology. 2006;44
(5):1075-1082.

20. Danish Colorectal Cancer Group.
Danish Colorectal Cancer Group website.
http://dccg.dk/aarsrapporter-2. Accessed
December 21, 2017.

21. Swedish National Board of Health
and Welfare. National guidelines
in Sweden. http://www.socialstyrelsen.se
/nationellariktlinjerforbrostprostatatjoc
ktarmsochandtarmscancervard. Accessed
December 21, 2017.

22. Swedish National Medical Program. Colorectal
cancer: 2016. https://www.cancercentrum.se
/samverkan/cancerdiagnoser/tjocktarm
-andtarm-och-anal/tjock--och-andtarm
/vardprogram/. Accessed December 21, 2017.

23. Verberne CJ, Zhan Z, van den Heuvel E, et al.
Intensified follow-up in colorectal cancer patients
using frequent carcino-embryonic antigen (CEA)
measurements and CEA-triggered imaging. Eur J
Surg Oncol. 2015;41(9):1188-1196.

24. Kronborg O, Fenger C, Deichgraeber E.
Colonoscopy after radical surgery for colorectal
cancer [in Danish]. Ugeskr Laeger. 1991;153(7):503-
506.

25. Abraha I, Cherubini A, Cozzolino F, et al.
Deviation from intention to treat analysis in
randomised trials and treatment effect estimates:
meta-epidemiological study. BMJ. 2015;350:h2445.

26. Greenland S, Lash TL. Bias analysis. In:
Rothman KJ, Greenland S, Lash TL, eds. Modern
Epidemiology. 3rd ed. Philadelphia, PA: Wolters
Kluwer Health/Lippincott Williams & Wilkins; 2008:
352-359.

27. Koepsell TD, Weiss NS. The intention-to-treat
principle. In: Epidemiologic Methods: Studying the
Occurrence of Illness. New York, NY: Oxford University
Press; 2003:327-328.

28. National Comprehensive Cancer Network.
Guidelines version 2.2017: colon cancer.
https://www.nccn.org/. Accessed
December 23, 2017.

29. Meyerhardt JA, Mangu PB, Flynn PJ, et al;
American Society of Clinical Oncology. Follow-up
care, surveillance protocol, and secondary
prevention measures for survivors of colorectal
cancer. J Clin Oncol. 2013;31(35):4465-4470.

Effect of More vs Less Frequent Follow-up Testing on Overall and Cancer-Specific Mortality Original Investigation Research

jama.com (Reprinted) JAMA May 22/29, 2018 Volume 319, Number 20 2103

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
https://www.ncbi.nlm.nih.gov/pubmed/23581611
https://www.ncbi.nlm.nih.gov/pubmed/23581611
https://www.ncbi.nlm.nih.gov/pubmed/26163950
https://www.ncbi.nlm.nih.gov/pubmed/9749495
https://www.ncbi.nlm.nih.gov/pubmed/26869813
https://www.ncbi.nlm.nih.gov/pubmed/23152705
https://www.ncbi.nlm.nih.gov/pubmed/23152705
https://www.ncbi.nlm.nih.gov/pubmed/11934773
https://www.ncbi.nlm.nih.gov/pubmed/11934773
https://www.ncbi.nlm.nih.gov/pubmed/11869629
https://www.ncbi.nlm.nih.gov/pubmed/11869629
https://www.ncbi.nlm.nih.gov/pubmed/14529575
https://www.ncbi.nlm.nih.gov/pubmed/17874269
https://www.ncbi.nlm.nih.gov/pubmed/27884041
https://www.ncbi.nlm.nih.gov/pubmed/27884041
https://www.ncbi.nlm.nih.gov/pubmed/24430319
https://www.ncbi.nlm.nih.gov/pubmed/24430319
https://www.ncbi.nlm.nih.gov/pubmed/28641703
https://www.ncbi.nlm.nih.gov/pubmed/28641703
https://www.ncbi.nlm.nih.gov/pubmed/26769609
https://www.ncbi.nlm.nih.gov/pubmed/26769609
https://www.ncbi.nlm.nih.gov/pubmed/24965263
https://www.ncbi.nlm.nih.gov/pubmed/9385105
https://www.ncbi.nlm.nih.gov/pubmed/15685236
https://www.ncbi.nlm.nih.gov/pubmed/15685236
https://www.ncbi.nlm.nih.gov/pubmed/17058242
https://www.ncbi.nlm.nih.gov/pubmed/17058242
http://dccg.dk/aarsrapporter-2
http://www.socialstyrelsen.se/nationellariktlinjerforbrostprostatatjocktarmsochandtarmscancervard
http://www.socialstyrelsen.se/nationellariktlinjerforbrostprostatatjocktarmsochandtarmscancervard
http://www.socialstyrelsen.se/nationellariktlinjerforbrostprostatatjocktarmsochandtarmscancervard
https://www.cancercentrum.se/samverkan/cancerdiagnoser/tjocktarm-andtarm-och-anal/tjock--och-andtarm/vardprogram/
https://www.cancercentrum.se/samverkan/cancerdiagnoser/tjocktarm-andtarm-och-anal/tjock--och-andtarm/vardprogram/
https://www.cancercentrum.se/samverkan/cancerdiagnoser/tjocktarm-andtarm-och-anal/tjock--och-andtarm/vardprogram/
https://www.cancercentrum.se/samverkan/cancerdiagnoser/tjocktarm-andtarm-och-anal/tjock--och-andtarm/vardprogram/
https://www.ncbi.nlm.nih.gov/pubmed/26184850
https://www.ncbi.nlm.nih.gov/pubmed/26184850
https://www.ncbi.nlm.nih.gov/pubmed/2000663
https://www.ncbi.nlm.nih.gov/pubmed/2000663
https://www.ncbi.nlm.nih.gov/pubmed/26016488
https://www.nccn.org/
https://www.ncbi.nlm.nih.gov/pubmed/24220554
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.5623

