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ORIGINAL ARTICLE

Accurate population-based model for individual prediction of colon
cancer recurrence
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University Hospital, Stavanger, Norway; eDepartment of Registration, Cancer Registry of Norway, Oslo, Norway; fDepartment of Research
and Innovation, Møre and Romsdal Hospital Trust, Ålesund, Norway; gDepartment of Oncology, Oslo University Hospital, Oslo, Norway

ABSTRACT
Background: Prediction models are useful tools in the clinical management of colon cancer patients,
particularly when estimating the recurrence rate and, thus, the need for adjuvant treatment. However,
the most used models (MSKCC, ACCENT) are based on several decades-old patient series from clinical
trials, likely overestimating the current risk of recurrence, especially in low-risk groups, as outcomes
have improved over time. The aim was to develop and validate an updated model for the prediction
of recurrence within 5 years after surgery using routinely collected clinicopathologic variables.
Material and methods: A population-based cohort from the Swedish Colorectal Cancer Registry of
16,134 stage I–III colon cancer cases was used. A multivariable model was constructed using Cox pro-
portional hazards regression. Three-quarters of the cases were used for model development and one
quarter for internal validation. External validation was performed using 12,769 stage II–III patients from
the Norwegian Colorectal Cancer Registry. The model was compared to previous nomograms.
Results: The nomogram consisted of eight variables: sex, sidedness, pT-substages, number of positive and
found lymph nodes, emergency surgery, lymphovascular and perineural invasion. The area under the curve
(AUC) was 0.78 in the model, 0.76 in internal validation, and 0.70 in external validation. The model calibrated
well, especially in low-risk patients, and performed better than existing nomograms in the Swedish registry
data. The new nomogram’s AUC was equal to that of the MSKCC but the calibration was better.
Conclusion: The nomogram based on recently operated patients from a population registry predicts
recurrence risk more accurately than previous nomograms. It performs best in the low-risk groups
where the risk-benefit ratio of adjuvant treatment is debatable and the need for an accurate predic-
tion model is the largest.
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Background

Colon cancer is one of the most common cancers in the
world and the incidence is expected to increase [1]. Huge
efforts have been made to improve the prediction of recur-
rence risk and few, if any, can exceed the predictive power
of the American Joint Committee on Cancer, UICC/TNM-sys-
tem, and supplementary clinical data [2].

Nomograms are the visual representation of equations;
however, the possible inputs and solutions are limited to the
variables included in the design. If the risk associated with
the variables or the overall outcome changes, the accuracy
would inevitably decline.

Currently, there are several nomograms available for pre-
diction of recurrence of colon cancer after radical surgery;
the thrice updated Memorial Sloan Kettering Cancer Centre
(MSKCC) nomogram [3–5], the ACCENT nomogram [6], a

nomogram by Hoshino et al. [7], and a nomogram from
Special Commission on Cancer (SCOC) data [8]. The original
MSKCC nomogram was based on 1320 patients who under-
went surgery between 1990 and 2000 and the ACCENT
nomogram is based on 15,936 stage III patients included in
adjuvant treatment trials between 1989 and 2002. Previous
validations of these nomograms relied on data from the
same time period and showed a good correlation with clin-
ical outcomes [9,10]. The nomogram by Hoshino et al. is con-
structed only for stage II patients and is based on data from
patients operated 1997–2006 [7], while the SCOC nomogram
is based on a selection of patients operated 2006–2007 at
several US hospitals [8].

Since 1989 and 2002, when the two most widely used
nomograms included the patients, the quality of care has
substantially improved [11–14]. The primary goal of adjuvant
chemotherapy is to reduce recurrence rates by eradicating
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subclinical tumour deposits that eventually will grow to
metastases unless the patient dies from other reasons. The
current risks of recurrence and mortality are lower than pre-
viously observed [15–17]. The importance of some variables
has also likely changed, with improved staging, and other
variables have emerged that may be considered [18–20]. The
generalisability of data from adjuvant trials can also be ques-
tioned, as inclusion is selective and biased towards healthier
and younger patients while single academic centres may
underestimate the recurrence risk. Using population-based
materials should offer better generalisability and utility in the
clinical setting.

Aims and hypothesis

Our aim was to develop and externally validate a new nomo-
gram estimating the risk of recurrence after radical surgery
for colon cancer, to be used at the postoperative visit for
evaluating the need for adjuvant therapy, based on recent
population data where the quality of care is known and rep-
resentative of other developed countries. A second aim was
to investigate the accuracy of current nomograms using a
Swedish population-based cohort. Our hypothesis was that
current nomograms overestimate the risk of recurrence,
especially in low-risk groups (stage II–III with no/few risk fac-
tors), and that an updated population-based prediction
model performs better and thus will be more relevant for
patients diagnosed and treated today in devel-
oped countries.

Method

The study was approved by the regional ethics committee in
Uppsala-€Orebro, dnr 2013/093/1(Sweden), and the Regional
Ethics Committee South-East 2020/91617 (Norway).

Material

The study cohort included 21,008 cases identified in the
nationwide Swedish ColoRectal Cancer Registry (SCRCR) with
stage I–III colon adenocarcinoma diagnosed 2007–2014. The
last follow-up was on 20 February 2020.

A total of 16,134 cases were eligible for model develop-
ment after the following cases were omitted from the analy-
ses: multiple surgeries for multiple tumours (n¼ 1050), no
surgery or only polypectomy (n¼ 1296), non-radical surgery
according to the pathology report (n¼ 1958), patients who
died within 30 days of surgery (n¼ 317), who received neo-
adjuvant treatment (n¼ 233), and cases with missing or
negative time to recurrence (n¼ 20). A cohortogram is pre-
sented in Figure 1 which includes both the model, internal
and external validation data.

Patients were divided into 5 geographical regions based
on the reporting hospital codes [21]. To develop the model
11,943 cases from regions 2–5 were used and 4191 cases
from region 1 were used for internal validation. An external
validation dataset was obtained from the Norwegian
Colorectal Cancer Registry (NCCR) at the Cancer Registry of
Norway consisting of 12,769 stage II–III patients with the
same selection criteria as the model cohort.

The guidelines for transparent reporting of a multivariable
prediction model for individual prognosis or diagnosis and
the American Joint Committee on Cancer recommendations
were followed [22,23]. The outcome was defined as time to
recurrence (TTR) and evaluated as recurrence within 5 years
from the date of surgery [24]. Variables from the SCRCR were
requested to cover the presently available nomograms and
risk factors used in ESMO and NCCN guidelines [3,6–8,25,26].
Variables were: age, sex, patient height, and weight,
American Society of Anaesthesiologists (ASA) classification,
postoperative complications (yes/no), tumour side (right: cae-
cum to transverse colon, left: splenic flexure to recto-sigmoid
junction), emergency surgery (no, perforation, obstruction,
other), perioperative perforation (no, yes, peritumoural), T-
classification and subclassifications (pT1, pT2, pT3ab; <5mm
of subserosal invasion, pT3cd; �5mm of subserosal invasion,
pT4a; peritoneal engagement, pT4b; invading other organs),
N-classification (pN0-2b), number of found and positive
nodes, lymph node ratio (LNR), malignancy grade (high/low),
vascular invasion (yes/no), perineural invasion (yes/no), and if
referred for or received adjuvant treatment (no, monother-
apy, combination therapy), dates of surgery, recurrent dis-
ease, and last follow-up or death. Patients who received
treatment for recurrent disease, although registered as non-
recurrent, were considered recurrent (n¼ 6). The adjuvant

Figure 1. Cohortogram. The Swedish ColoRectal Cancer Registry (SCRCR) data was used to develop the model. Data from the Norwegian Colorectal Cancer
Registry (NCCR) was used for external validation.
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variable was categorised as ‘yes/no’ and pT stage 1 and 2
was merged for the multivariable model. Perineural invasion
and pT3 and pT4 substage were not available in the
Norwegian data, for these patients perineural invasion was
set to ‘no’ and pT3 and pT4 patients were assigned hazards
equalling pT3ab patients and pT4a respectively when the
external validation was performed.

Statistical analyses

Cox proportional hazards regressions were used to construct
the model. Proportional hazards were confirmed by visual
inspection of scaled Schoenfeld residuals. To capture non-lin-
earities continuous variables were modelled using restricted
cubic splines (RCS) with knots selected by the statistical soft-
ware for age at 58, 74, and 85, and by a clinical judgement
for found nodes at 6, 12, 20, positive nodes at 1, 3, 7, and
LNR at 0.01, 0.125, 0.5.

Unadjusted HRs for recurrence were calculated for all vari-
ables extracted from the SCRCR, including adjuvant therapy.
Variables with clinical and statistical relevance (HR <0.9 or
>1.1 or p< 0.05 in univariable analyses) were then included
in a multivariable model to estimate adjusted HRs. Variables
contributing little with regards to HR and significance in the
multivariable model were removed to make the nomogram
easier to evaluate. Effect plot, calibration curve and area
under the curve (AUC) were calculated for the model and
validation data separately. Sensitivity was analysed by com-
paring estimates from models calculated with pT instead of
pT-substage, excluding patients who received adjuvant
chemotherapy, and excluding patients >80 years old.

Leave-one-out cross-validation was performed with the
regions, that is, the model was recalculated five times with
all but one region which was then used for validation. The
nomogram was drawn from the original multivariable model
constructed using regions 2–5 adjusted to no adjuvant treat-
ment. The factor with the highest HR was assigned 100
points, and the other factors assigned points in accordance
to the HR in comparison to the highest HR. The risk of recur-
rence was evaluated at 5 years. Additional axes were drawn
for estimated recurrence risk accounting for adjuvant treat-
ment effect with a 25% reduction of recurrences for 5-FU or
capecitabine and a further 20% reduction of recurrences
with the addition of oxaliplatin for a total reduction of 40%
based on data from randomised trials [26–29].

All SCRCR patients were scored retrospectively using the
2008 MSKCC and SCOC nomograms, while only patients
treated with adjuvant chemotherapy were scored with the
ACCENT nomogram, and stage II patients with the Hoshino
nomogram. Since the ACCENT and MSKCC nomogram use
preoperative CEA and this was not available in our material
we assigned it according to previous research instead of dis-
regarding it as a variable. Thus, 50% of the patients with a
recurrence and 35% of non-recurrent patients were randomly
assigned an increased CEA value according to previously
seen distributions. ASA-classification was substituted for per-
formance status (PS0¼ASA 1–2, PS1¼ASA3, PS2 ¼ ASA �
4) in the ACCENT nomogram [30]. The function for

recurrence risk from the total score was either estimated
from the published nomograms (MSKCC, ACCENT, and
Hoshino) or calculated from fictional patients in the online
calculator and the corresponding linear predictor from the
published model (SCOC). The current nomograms using all
SCRCR data and the new nomogram using internal and
external validation data were compared using AUC, and the
calibration curves (predicted vs observed outcome) drawn
using locally estimated scatterplot smoothing to allow for
changes in calibration in low and high-risk patients. The area
between the calibration curves and optimal prediction was
calculated in the range of 10–50% recurrence risk to com-
pare calibration between models.

All Statistical analyses were performed with R 3.6.1 [31]
using the packages rms [32] and survival [33].

Results

Table 1 details demographic and tumour characteristics
and compares the distribution of recurrences across these
characteristics. Male sex, left-sided tumours, emergency sur-
gery, intraoperative perforation, higher pT stage, pN stage,
numbers of found and positive nodes, malignancy grade,
and vascular and perineural invasion were associated with
recurrences. Age below 40 or above 80 years was associ-
ated with fewer recurrences. More recurrences in both
stage II and III were seen in patients initiating adjuvant
treatment. ASA classification and mucinous histology were
not associated with recurrences (Supplementary Table 1).
Recurrence rates in the cohort increased with the sum of
ESMO/NCCN risk factors as presented in Supplementary
Table 2. The five-year recurrence rate was 4% in stage I,
11% in stage II, and 27% in stage III.

Model development and validation

Unadjusted HRs and confidence intervals are presented in
Supplementary Table 3. The multivariable model was based
on previous research, guidelines, known collinearity (e.g.,
for positive nodes and pN-stage), and the univariable anal-
yses. Several ways to represent node status and risk fac-
tors were assessed in adjusted models. Perforation and
malignancy grades did not contribute much to the model
and were removed in favour of simplicity, HR 0.97 and
0.89 with non-significant p-values. Adjuvant therapy was
kept in the model to allow for adjustment. The multivari-
able model was calculated from 7048 cases after exclusion
of patients with missing data (mainly pT3 substage, vascu-
lar and perineural invasion). It performed well when tested
in model data and is presented in Table 2. The model
includes restricted cubic splines to model non-linear effects
of both found and positive nodes and the increased risk
of missed nodes with low node yields without introducing
categorical variables. The non-linear effects are visualised
in Supplementary Figure 1 in the form of effect plots. The
calibration curves for the model, internal and external val-
idation and other nomograms are presented in Figure 2.
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The AUC was 0.78 (95% CI 0.76–0.79) in the model data
and 0.76 (95% CI 0.74–0.78) in the internal validation data.

No large deviation from the validation or model data
was seen when it was further investigated with leave-one-
out cross-validation of the predicted risk based on the
regions, Supplementary Figure 2. A nomogram was drawn
for risk of recurrence and also adjusting for receipt of
adjuvant treatment and is presented in Figure 3. By total-
ling the points for each characteristic, the nomogram pre-
dicts risk of recurrence for the individual patient and the
expected risk after adjuvant chemotherapy. Missing pT-sub-
stage caused the most exclusions in the multivariable
model since data for almost all patients was available con-
cerning pT-stage, but not for the subclassification, sensitiv-
ity analysis was performed by substituting pT-substage
with pT-stage which did not yield differing estimates for
the other variables (Supplementary Table 4). The model
was also calculated excluding patients who received
chemotherapy, the only marked difference was an increase
in the HR estimate for pT4b tumours from 2.1 to 2.8. No
difference in model coefficients was seen when the oldest
patients were excluded.

Comparison to other nomograms and
external validation

The SCRCR nomogram was applied to the Norwegian data
(demographics in Supplementary Table 5) with the calibra-
tion plot presented in Figure 2. AUC was 0.70 (95% CI
0.69–0.72). Patients from the SCRCR were then scored using
the SCOC, MSKCC, ACCENT, and Hoshino nomograms, and
the predicted risk of recurrence was compared to the
observed outcomes and added to Figure 2. AUC values with
95% CI in parenthesis for the SCOC, MSKCC, ACCENT and
Hoshino nomograms were: 0.76 (0.74–0.77), 0.78 (0.76–0.79),
0.72 (0.71–0.73) and 0.69 (0.68–0.72), respectively. The
ACCENT and Hoshino nomogram had significantly lower AUC
than the other nomograms (Supplementary Figure 3).
Compared to model data all but MSKCC had worse AUC. The
area between the optimal calibration in the range of 10–50%
recurrence risk and calibration curve were 0.07, 0.06, and
0.11 in the model, internal and external validation (closer to
0 is better). The average distance from the optimal predic-
tion for SCOC, MSKCC, ACCENT, and Hoshino nomograms
were 0.13, �0.07, �0.10, and �0.19. The SCRCR nomogram

Table 1. Demographics comparison between non-recurrent and recurrent cases in the SCRCR.

Factor Level Total No recurrence Recurrence p

Sex Male 7866 (49%) 6477 (82%) 1389 (18%) <0.0001
Female 8268 (51%) 7056 (85%) 1212 (15%)

Side Right 9270 (57%) 7853 (85%) 1417 (15%) 0.0008
Left 6854 (42%) 5671 (83%) 1183 (17%)
Missing 10 (0%) 9 (90%) 1 (10%)

Emergency surgery Elective 14,226 (88%) 12,161 (85%) 2065 (15%) <0.0001
Perforation 211 (1%) 162 (77%) 49 (23%)
Obstruction 1471 (9%) 1020 (69%) 451 (31%)
Other 226 (1%) 190 (84%) 36 (16%)

pT substage T1 1072 (7%) 1031 (96%) 41 (4%) <0.0001
T2 2399 (15%) 2234 (93%) 165 (7%)
T3ab 4396 (27%) 3895 (89%) 501 (11%)
T3cd 2615 (16%) 2043 (78%) 572 (22%)
T3NA 3240 (20%) 2702 (83%) 538 (17%)
T4a 1172 (7%) 769 (66%) 403 (34%)
T4b 859 (5%) 579 (67%) 280 (33%)
T4NA 328 (2%) 233 (71%) 95 (29%)
Missing 53 (0%) 47 (89%) 6 (11%)

pN substage N0 10,303 (64%) 9404 (91%) 899 (9%) <0.0001
N1a 1860 (12%) 1485 (80%) 375 (20%)
N1b 1817 (11%) 1385 (76%) 432 (24%)
N2a 1145 (7%) 735 (64%) 410 (36%)
N2b 963 (6%) 488 (51%) 475 (49%)
Missing 46 (0%) 36 (78%) 10 (22%)

Positive nodes Median (IQR) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 2.0 (0.0–5.0) <0.0001
Missing 46 (0.3%) 36 (0.3%) 10 (0.4%)

Found nodes Median (IQR) 18 (13–25) 18 (13–25) 18 (13–25) 0.17
Missing 152 (1%) 135 (1%) 17 (1%)

Lymph node ratio Median (IQR) 0.0 (0.0–0.1) 0.0 (0.0–0.1) 0.1 (0.0–0.3) <0.0001
Missing 45 (0.3%) 34 (0.3%) 11 (0.4%)

Malignancy grade Low 12,163 (75%) 10,309 (85%) 1854 (15%) <0.0001
High 3174 (20%) 2543 (80%) 631 (20%)
Missing 797 (5%) 681 (85%) 116 (15%)

Vascular invasion No 11,358 (70%) 9985 (88%) 1373 (12%) <0.0001
Yes 3221 (20%) 2234 (69%) 987 (31%)
Missing 1555 (10%) 1314 (85%) 241 (15%)

Perineural invasion No 11,576 (72%) 10,002 (86%) 1574 (14%) <0.0001
Yes 1532 (9%) 1005 (66%) 527 (34%)
Missing 3026 (19%) 2526 (83%) 500 (17%)

Adjuvant therapy No 11,479 (74%) 10,145 (88%) 1912 (16%) <0.0001
Mono 2799 (17%) 2045 (84%) 754 (27%)
Combination 1856 (12%) 945 (72%) 513 (28%)

Note. Fisher’s Exact Test was used for categorical variables. Wilcoxon test for continuous variables.
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gives better predictions than the MSKCC nomogram in most
scenarios (see Figure 2, CIs are only overlapping at about
10% recurrence risk).

Discussion

The recurrence risk in patients from the Swedish national
population operated between 2007 and 2014 is lower than
what has been reported in the original MSKCC study but
similar to what was reported from the SCRCR in 2018
[3,16]. Almost 29,000 patients were included in the model
and validation making it, to our knowledge, the largest
material used so far in the development of a colon cancer
nomogram. The data was also more recent than the other
nomograms except the 2021 MSKCC nomogram. When
comparing the various AUC’s, no large differences were
seen between the nomograms, but AUC is an insufficient
measure if the aim is to support treatment decisions; AUC
measures the adequacy of the ranking of patients accord-
ing to risk, not the accuracy of the prediction which is
better gauged from the calibration plot where the model
and internal- and external-validation are closer to the opti-
mal line than the other nomograms. Thus, the SCRCR
nomogram based on recent population-based data pro-
vides improved risk predictions compared to previous
nomograms when calibration is taken into account while
the stratification of patients seems similar for the SCRCR
nomogram, SCOC, and MSKCC nomograms. The MSKCC
and Hoshino nomograms provide good predictions in

patients with 10–20% recurrence risk but then underesti-
mate the risk. The ACCENT nomogram overestimates the
risk in low-risk populations. This could be an effect of the
specific populations, specialised centres (MSKCC), adjuvant
therapy trials (ACCENT), or that our assumptions regarding
CEA and PS were not correct. The Hoshino and MSKCC
nomograms include CEA which was not available in our
material and was assigned according to the distribution
seen in other materials, introducing uncertainty. This may
in part explain the underestimation of risk as preoperative
CEA contributes a large part of the predictive power in
the two nomograms, although it was not predictive in a
previous Swedish material [20] and if normalised postoper-
atively did not confer worse prognosis in an American
material [34]. The ACCENT nomogram includes performance
status and was here substituted with ASA, but the correl-
ation is not complete, introducing bias in the estimates for
ACCENT [30]. However, PS contributes only a small part of
the total number of points in the ACCENT nomogram, at
most 18 points out of 255 possible which does not
explain the difference in calibration. It is reasonable to
believe that PS may be relevant in trials where adjuvant
chemotherapy is provided to all patients whereas PS is
probably not relevant for the risk of having residual sub-
clinical tumour cells after radical surgery. The alternative
would have been to exclude these nomograms or to
ignore the variable which would likely have disadvantaged
these nomograms more [20]. Despite these limitations, we
think that our approach is justified for the purpose of the
study. The SCOC nomogram is the nomogram most similar
to the nomogram we present here, no assumptions were
made for the SCOC nomogram which overestimates the
risk by 10% in low-risk patients and by 20% in patients
with the highest risk.

Our aim was to develop a nomogram that performs well
in all risk groups but particularly well in the low-risk groups
where the risk-benefit ratio of adjuvant treatment is debat-
able. The SCRCR nomogram calibrates well in low-risk
patients and performs well in patients with up to about 40%
risk of recurrence. It performs worse in high-risk patients,
where the need for a clinical decision aid is less since adju-
vant therapy is routinely indicated in all patients unless con-
traindications are present, but still at least as good as the
other available nomograms. Shared decision-making is still
equally important for these patients. The deviation in high-
risk patients may be due to uncertainties in compensating
for the adjuvant chemotherapy effects in these patients, a
dilemma present in all recent patient materials where adju-
vant therapy is part of the routine for most patients, or pos-
sibly because of regression to the mean. The low- and
medium-risk patients show less deviation from the optimal
line. Here, the estimates are more precise which may be
because the use of adjuvant chemotherapy in stage II
patients have been rather restricted in Sweden. Non-regis-
tered recurrences may explain a small part of the deviation
in high-risk patients; a recent investigation of the SCRCR esti-
mated that 1–2% of recurrences at 5 years are missing in the
registry [35].

Table 2. The multivariable risk prediction model.

Factor HR 95% CI p
Sex

Female vs male 0.86 0.76–0.97 0.0014
Side
Left vs right 1.12 0.99–1.27 0.0316

pT
pT1-2 vs pT3ab 0.62 0.5–0.77 <0.0001
pT3cd vs pT3ab 1.42 1.2–1.68 <0.0001
pT4a vs pT3ab 2.24 1.87–2.68 <0.0001
pT4b vs pT3ab 2.11 1.69–2.63 0.2318

Positive Nodes
rcs1 1.49 1.41–1.56 <0.0001
rcs2 0.70 0.66–0.74 <0.0001

Found Nodes
rcs1 0.94 0.91–0.97 <0.0001
rcs2 1.04 1.01–1.07 <0.0001

Emergency Surgery
Yes vs No 1.51 1.3–1.75 0.0003

Vascular Invasion
Yes vs No 1.25 1.08–1.44 <0.0001

Perineural Invasion
Yes vs No 1.36 1.17–1.58 <0.0001

Adjuvant
Yes vs No 0.95 0.82–1.09 0.303

Variables significant in univariable analysis were initially included. Grade and
mucinous histology did not remain significant and were removed from the
model. Adjuvant treatment was kept in the model to allow for adjustment in
the nomogram. Continuous variables were modelled using restricted cubic
splines (rcs) to allow for non-linear effects.
HR: hazard ratio; 95% CI: 95% confidence intervals; p: Wald P test for categor-
ical factors.
For continuous variables modelled using restricted cubic splines (RCS) overall
Wald p-values are presented instead of the coefficient for each knot. Effect
plot for positive and found nodes is presented in Supplementary Figure 1.
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In the external validation sample, the AUC was 0.70 and
similar to how other nomograms performed in the Swedish
data. However, the calibration was better in low-intermediate
risk patients than the other nomograms but got progres-
sively worse with better-observed prognosis in high-risk
patients. This may be an effect of good survival outcomes in
Norway [36], regression to the mean or recurrences not
reported to the registry (94% conformity between patient
records and registry [37], lower than in Sweden [35]). A
weakness is that we did not externally validate the predic-
tions in stage I patients, however, it is not difficult to predict
the outcome since recurrence rates are very low for most if
not all stage I patients.

There are few available registries to validate population-
based predictions as most registries do not record recur-
rences [38]. Thus, SCRCR nomogram may not be applicable
outside the Nordic countries and Western Europe where the

populations are predominantly Caucasian. The patient mater-
ial also impacts the comparisons with the Hoshino nomo-
gram which is based on Asian patients. Effects from how the
healthcare system is organised and financed might impact
the validity in other countries. Mucinous histology and high
malignancy grade were not strongly associated with recur-
rences and excluded from the nomogram even though they
have previously been described as risk factors, however not
seen in the SCRCR [16]. There were few cases with periopera-
tive perforation which may explain its non-significance.
Knowledge about mutations, especially mismatch repair defi-
ciency which are associated with a good prognosis at least
in stage II may further improve the accuracy of nomograms
[39]. This information was not available in the current mater-
ial and precluded us from evaluating the predictive power of
the new MSKCC nomogram [5]. Other markers, for example,
circulating tumour DNA and tumour infiltrating lymphocytes,

Figure 2. Model calibration curve. Predicted probabilities of non-recurrences vs observed probabilities of non-recurrence in model data, validation data (Int.
Validation), external validation in Norwegian data (Ext. Validation) and calibration of other nomograms in SCRCR data (SCOC, MSKCC, ACCENT, Hoshino). Lines were
fitted with locally estimated scatterplot smoothing (‘loess’). Shaded area denotes 95% confidence intervals.
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of increased recurrence risk will likely be of value in the
future, though these are seldom available in population-
based cohorts.

When the aim is to provide an estimate, stratified for
stage and risk factors, that a radically operated patient has
remaining tumour cells capable of growing to a recurrence,
TTR is the appropriate endpoint. Other outcomes, like dis-
ease-free survival, may be more appropriate in clinical trials,
as recently discussed by Cohen et al. [40], where gains and
losses have to be balanced, but not when deciding the need
for adjuvant therapy for the individual patient. Every esti-
mate of recurrence risk according to today’s standard of care
has to be made in an environment where adjuvant chemo-
therapy, known to reduce recurrence risks, is provided select-
ively. This use of adjuvant chemotherapy complicates the
calculations and interpretations of data, but much less so in
early tumours, in particular stage II, where this is not routine
unless risk factors are present. In more advanced tumours
(mainly stage III) where adjuvant therapy is provided unless
the patient is very old, has co-morbidities, or postoperative
complications delaying treatment beyond the recommended
time frame of 8–12weeks, it is more complicated. Age, co-
morbidities, and probably also postoperative complications

do not have any major influence on whether the tumour has
spread outside the tissues normally removed during bowel
cancer surgery. Therefore, estimates of the risks in patients
not treated with adjuvant treatment likely do not bias TTR.

Conclusions

Since the late 1990s and early 2000s, the standard of care for
the cure of colon cancer has improved and the risk of recur-
rence is lower today. Accordingly, tools for estimation of the
recurrence need to be based on contemporary data. The pur-
pose of this study was to develop an up-to-date nomogram
supporting the clinician at the postoperative visit in the deci-
sion whether to treat with adjuvant chemotherapy or not,
instead of solely predicting the prognosis. The SCRCR nomo-
gram developed here is based on resections performed at
approximately 50 different hospitals, but with one national
care guideline, in a population of about 10 million inhabi-
tants, making it truly population-based. It performs well in
low-risk groups where the clinical need for decision aids is
the greatest and it validates internally and externally.

Figure 3. Nomogram. Start from second axis (sex), sum corresponding points read from top axis, continue with each axis until you reach the axis for total points.
The total points correspond to the predicted recurrence risk at 5 years. Subsequent axes represent predicted recurrence risk if adjuvant mono- or combination
chemotherapy is given. RR: recurrence risk. For example, a male with a right-sided, pT3cd with 2/20 positive nodes and vascular invasion gets 98 points
(7þ 0þ34þ 33þ 15þ 0þ9þ 0) corresponding to a recurrence risk of about 25%. The next two axes describe the risk of recurrence if adjuvant therapy is given,
with monotherapy it is 19% and with combination therapy the recurrence risk is 15.
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