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Aim: To investigate the usefulness of multistate models (MSM) for determining colorectal cancer (CRC) 

recurrence rate, to analyse the effect of different factors on tumour recurrence and death, and to assess 

the impact of recurrence for CRC prognosis. 

Methods: Observational follow-up study of incident CRC cases disease-free after curative resection in 

2006–2013 ( n = 994). Recurrence and mortality were analyzed with MSM, as well as covariate effects on 

transition probabilities. 

Results: Cumulative incidence of recurrence at 60 months was 13.7%. Five years after surgery, 70.3% of 

patients were alive and recurrence-free, and 8.4% were alive after recurrence. 

Recurrence has a negative impact on prognosis, with 5-year CRC-related mortality increasing from 

3.8% for those who are recurrence-free 1-year after surgery to 33.6% for those with a recurrence. 

Advanced stage increases recurrence risk (HR = 1.53) and CRC-related mortality after recurrence 

(HR = 2.35). CRC-related death was associated with age in recurrence-free patients, and with comorbidity 

after recurrence. 

As expected, age ≥75 years was a risk factor for non-CRC-related death with (HR = 7.76) or without 

recurrence (HR = 4.26), while its effect on recurrence risk was not demonstrated. 

Conclusions: MSM allows detailed analysis of recurrence and mortality in CRC. Recurrence has a nega- 

tive impact on prognosis. Advanced stage was a determining factor for recurrence and CRC-death after 

recurrence. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Worldwide, colorectal cancer (CRC) remains the fourth most 

ommonly diagnosed cancer and the fifth leading cause of cancer- 

elated death [1] . Survival rates for CRC patients have improved 

ignificantly in recent decades, and now exceed 50% at 5 years 

rom diagnosis [2 , 3] . According to EUROCARE-5 data, European 

ge-standardised 5-year survival rates were 57% and 55.8% for 

olon and rectal tumours, respectively [4] . This improvement in 
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urvival may be due to improvements in disease diagnosis, treat- 

ent, and surgical techniques. 

However, CRC prognosis depends heavily on the stage at diag- 

osis [5] . Surgical resection (with or without adjuvant or neoadju- 

ant chemoradiotherapy) is the primary curative treatment for 80% 

f non-metastatic CRC patients [6 , 7] . However, more than 40% of 

atients eligible for potentially curative resection develops recur- 

ent disease during the follow-up [8] . Patients who develop recur- 

ence are known to have a significantly increased risk of death, so 

etter knowledge of recurrence risk could improve the follow-up 

f patients who have undergone curative surgery, allowing clini- 

ians to select more appropriate therapies or treatments based on 

he patient’s estimated risk of recurrence. 
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The Cox proportional hazards model is the most commonly 

sed model to analyse survival data in cancer epidemiology [9] . 

ome CRC prognostic factor studies have used a Cox regression 

odel including recurrence as a time-dependent covariate to as- 

ess its effect on mortality [10–13] . However, this methodology as- 

umes that the effect of a baseline prognostic variable on mortality 

s the same in patients with or without a recurrence. This could 

e avoided by including interactions between covariates and re- 

urrence as a time-dependent variable. However, the Cox regres- 

ion model is limited to a single event (mortality) and does not 

llow for different transitions between health states (such as re- 

urrence and mortality), so the effect of baseline prognostic factors 

n the risk of recurrence and death cannot be assessed simultane- 

usly. These limitations are overcome by multistate models (MSM), 

hich allow the effects of prognostic factors on different clinical 

ndpoints to be separated [11 , 14–18] . 

Darcourt et al. [13] showed the advantages of MSM to study the 

ourse of CRC progression and the role of recurrence in this pro- 

ess, comparing them with conventional survival models. However, 

lthough that study included a long follow-up, it was conducted on 

 cohort of patients diagnosed before 1984 and only a few prog- 

ostic factors (age, sex, site and stage at diagnosis) were analysed. 

espite their potential usefulness, few recent studies have explored 

he use of MSM to analyse the prognosis of patients with CRC [19–

2] . In 2015, Gilard-Pioc et al. [20] applied MSM to explore the im-

act of age, gender, and cancer stage on mortality and recurrence 

n a large registry of CRC patients who underwent curative surgery. 

ore recently, Khaniki et al. [21] modelled the risk of local recur- 

ence and death after initial treatment using MSM, adjusting for 

ther prognostic factors. Finally, Alfachi et al. [22] jointly modelled 

ecurrence and death, taking into account the probability of being 

pparently cured after resection using a so-called multi-state cure 

odel. 

The results of using this methodology to analyse the progno- 

is of patients with CRC are therefore still scarce and limited to 

eries with small numbers of patients in which only a few prog- 

ostic factors are analysed. In particular, the differences between 

olon and rectal tumours have not been studied in this way. On 

he other hand, the prognosis of CRC patients should be studied 

y independently analysing cancer-specific and non-cancer-specific 

ortality. A high proportion of these patients are elderly or have 

ssociated comorbidities that make them more susceptible to com- 

eting events (death from other causes), especially in long-term 

ollow-up. In this context, a competing risk approach is recom- 

ended to correctly identify prognostic factors that may be dif- 

erentially associated with CRC-related and non-CRC-related death 

23] . 

The aim of this study is to investigate the usefulness of MSM 

o determine the recurrence rate in a large prospective cohort of 

RC patients, to analyse the impact of different prognostic fac- 

ors, including location, on tumour recurrence and cancer-specific 

eath, and to assess the importance of recurrence as an interme- 

iate event for the prognosis of CRC patients. 

. Material and methods 

.1. Design and study population 

This is an observational, ambispective follow-up study of inci- 

ent cases of CRC. Consecutive adult ( ≥18 years) patients with a 

istopathological diagnosis of CRC (International Disease Classifi- 

ation 153-154) were recruited at the Complexo Hospitalario Uni- 

ersitario A Coruña (north-west Spain), between 2006 and 2013. 

revalent or recurrent cases, cases with multiple cancers, cases 

reated only in private hospitals, cases detected by CRC screening, 

nd cases diagnosed in another hospital were excluded. For the 
2 
urpose of this study, only patients who underwent resection with 

urative intent and were disease-free after surgery and adjuvant or 

eoadjuvant chemoradiotherapy were included ( n = 994 patients). 

Part of this cohort was included in a multicentre project (DEC- 

IRE I and DECCIRE II studies [24 , 25] ). Informed patient consent 

nd ethical review board approval was obtained (Galician Clin- 

cal Research Ethics Committee codes 20 04/159, 20 09/160 and 

020/090). 

.2. Data collection 

Cases were identified through the Pathological Anatomy De- 

artment. Each patient was then contacted by the specialist re- 

ponsible for their follow-up, who explained the aims of the study 

nd their possible inclusion. After informed consent, data for the 

tudy were obtained from patient interviews conducted by trained 

urses and from review of clinical records. 

.3. Measurements 

The data analysed included socio-demographic factors. family 

istory of cancer and comorbidity (Charlsonś score). Several vari- 

bles related to CRC at diagnosis were registered, including tumour 

ocation, histological grade, TNM stage [26] , and carcinoembryonic 

ntigen (CEA) level. 

Primary outcomes were recurrence and death. Recurrence was 

efined as a composite of local recurrence and/or distant metasta- 

is, whichever occurred first. Information on vital status and cause 

f death, according to the International Classification of Diseases 

0th revision (ICD-10), was obtained from clinical records and the 

alician Mortality Registry. Death was classified as CRC-related for 

CD-10 codes C18-C20. Otherwise, the death was attributed to an- 

ther cause. 

.4. Statistical analyses 

Descriptive and univariate analyses were performed to deter- 

ine differences in sociodemographics, comorbidity, and clinical 

ariables according to tumour location. Quantitative variables were 

ompared using Student’s t -test or Mann–Whitney U test , after as- 

essing normality using the Komogorov-Smirnov test. Categorical 

haracteristics were compared using chi-squared statistics. 

The cumulative incidence of recurrence, CRC-related death, and 

on-CRC-related death was estimated by competing risk survival 

nalysis [27] , stratified by tumour location and stage. Follow-up 

tarted on the date of surgery and ended on the date of death or 

he last time an individual was known to be alive. Follow-up was 

xtended to November 2019. 

MSM were used to separate the effects of prognostic factors 

n the risk of recurrence from their effects on the risk of death 

10 , 15 , 16] . A MSM was implemented with the following four states:

1) initial state, alive without recurrence, (2) transition state, alive 

ith recurrence, and two absorbing states, (3) CRC-related death 

nd (4) non-CRC-related death as a competing event ( Fig. 1 ). For 

his study, the most relevant transitions were: transition from alive 

nd recurrence-free to recurrence; from alive and recurrence-free 

o CRC-related death, and from recurrence to CRC-related death. 

First, the transition probabilities and state occupation probabil- 

ties were estimated in this nonparametric model for all patients 

sing the Markovian estimator (Aalen-Johansen estimator) [14 , 28–

0] . Cumulative transition hazards were calculated for each of the 

ossible transitions. To examine the effect of covariates, the strat- 

fied Cox proportional hazards model was used to calculate the 

mpirical cumulative hazard by covariate for each transition. A 

ransition-specific Cox model was considered to estimate the re- 

ression coefficients of the covariates for each transition. This ap- 
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Fig. 1. Multistate model of colorectal cancer recurrence and mortality. 

Table 1 

Clinical characteristics and prognosis of the patients included. 

Total n = 994 Colon n = 682 Rectum n = 309 p 

Age at diagnosis (years) , mean ±SD 69.7 ± 10.8 70.8 ± 10.4 67.3 ± 11.3 < 0.001 

Charlson’s comorbidity index , median (IQR) 1 (0–2) 1 (0–2) 0 (0–1) 0.100 

Gender, male 600 (60.4%) 404 (59.2%) 193 (62.5%) 0.337 

Family history of cancer 113 (11.7%) 80 (12.0%) 32 (10.7%) 0.541 

TNM Stage 0.054 

In situ 12 (1.3%) 9 (1.4%) 3 (1.0%) 

I 230 (24.5%) 153 (23.8%) 77 (26.5%) 

II 400 (42.6%) 293 (45.5%) 106 (36.4%) 

III 276 (27.8%) 175 (27.2%) 99 (34.0%) 

IV 20 (2.1%) 14 (2.2%) 6 (2.1%) 

Histological grade 0.124 

G1 (well differentiated) 198 (21.0%) 141 (21.7%) 57 (19.7%) 

G2 (moderately differentiated) 665 (70.6%) 448 (68.9%) 215 (74.4%) 

G3-G4 (poorly differentiated) 79 (8.4%) 61 (9.4%) 17 (5.9%) 

CEA at diagnosis, median (IQR) 1.6 (0.9–3.1) 1.6 (0.9–3.0) 1.8 (0.9–3.1) 0.202 

Surgery type < 0.001 

Hemicolectomy 611 (61.7%) 587 (86.0%) 24 (8.0%) 

Subtotal/Total colectomy 46 (4.6%) 43 (6.3%) 1 (0.3%) 

Rectal resection 299 (30.2%) 34,0 (5.0%) 264,0 (87.7%) 

Endoscopic polypectomy 34 (3.4%) 18 (2.6%) 12 (4.0%) 

Adyuvant chemotherapy 409 (41.1%) 245 (36.5%) 162 (55.1%) < 0.001 

Time of follow-up from surgery (months), median (IQR) 91.5 (66.9–112.8) 91.4 (66.9–111.8) 91.6 (67.3–115.1) 0.704 

Recurrence 146 (14.7%) 88 (12.9%) 58 (18.8%) 0.016 

Local recurrence 43 (29.4%) 32 (36.4%) 11(19.0%) 

Distant metastasis 91 (62.3%) 50 (56.8%) 41 (70.7%) 

Local recurrence and metastasis 12 (8.2%) 6 (6.8%) 6 (10.3%) 

Time from surgery to recurrence (months), median (IQR) 23.2 (16.7–38.2) 20.7 (14.7–31.1) 27.7 (20.4–42.9) 0.006 

Death 367 (36.9) 256 (37.5%) 110 (35.6%) 0.558 

CRC-related death 76 (20.7) 49 (19.1%) 27 (24.5) 

Non-CRC-related death 291 (79.3) 207 (80.9%) 83 (75.5%) 
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roach allows us to specify separate baseline transition hazards for 

ach transition. The semi-parametric model included the follow- 

ng prognostic factors: age at diagnosis (classified as < 65, 65–75 

r ≥75 years of age), sex, TNM stage, histological grade, tumour lo- 

ation, and CEA. Other factors such as adjuvant chemotherapy and 

ype of surgery were also examined. A sensitivity analysis was per- 

ormed combining CRC-related and non-CRC-related death. Finally, 

he analysis was also repeated by excluding cases with metastases 

t diagnosis. To avoid over-adjustment bias, it was decided not to 

djust for variables related to treatment received, that are only 

resented in the Supplementary Material. 

All statistical analyses were performed using SPSS 24.0 and R 

.5.1, in addition to the cmprsk, mstate, and survival packages. Bi- 

ateral p -values < 0.05 were considered statistically significant. 

. Results 

A total of 994 CRC patients were included in the study (mean 

ge at diagnosis: 69.7 ± 10.8 years; 60.4% male). Tumours were lo- 

ated in the colon in 67.2% of patients and in the rectum in 32.8%.

NM stage and other clinical features are shown in Table 1 

Patients were followed for 85.5 ± 36.5 months (median follow- 

p = 91.5 months) after curative surgery. One hundred and forty 

ix (14.7%) developed local recurrence or metastasis after cura- 

ive treatment, of whom 92 (63.0%) died (63 CRC-related deaths). 
3 
edian time to recurrence was 23.2 months (IQR = 16.7–38.2). 275 

27.7%) patients died without having previously developed local re- 

urrence or metastasis (13 CRC-related deaths). A total of 627 pa- 

ients were alive at the end of the follow-up ( Fig. 1 ). 

The cumulative incidence of recurrence was 1.6% at 12 months 

fter surgery, 7.5% at 24 months, 10.8% at 36 months, and 13.7% at 

0 months, with a significantly higher incidence in rectal than in 

olon tumours ( p = 0.024) ( Fig. 2 a) and in more advanced stages

 p < 0.001) ( Fig. 2 b). There were no differences in recurrence rates

etween the different types of surgery, or between patients who 

eceived adjuvant chemotherapy and those who did not. More than 

0% of the recurrences were diagnosed between 12 and 36 months 

fter surgery. At 60 months of follow-up, the cumulative incidence 

f CRC-related and non-CRC-related death was 4.0% and 17.3%, re- 

pectively. For stage IV tumours, the 60-month CRC-related death 

ate was 10.5% ( Fig. 2 c). Overall survival at 5-years was 78.7%, with

o difference between colon and rectal tumours ( Fig. 2 d). 

Occupation probabilities, defined as the probability that a pa- 

ient is in a given state at any given time after curative surgery, 

nd some specific transition probabilities between states, are 

hown in Fig. 3 and Table 2 . Numeric results show that 93.0% of 

he patients are alive and relapse-free 1-year after surgery; 77.9% 

nd 70.3% are alive and relapse-free at 3 and 5-years, respectively. 

t the same time points, 1.6%, 8.8% and 8.4%, respectively, are alive 

fter being diagnosed with a recurrence. Recurrence has a negative 
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Table 2 

State occupation probabilities (probability that a patient be in a specific state at a given time from surgery) and transition proba- 

bilities between states. 

State/Transition From time (s) (months) To time ( t ) (months) Probability 95% CI 

Alive, recurrence-free 0 12 0.930 0.914–0.946 

0 24 0.841 0.818–0.864 

0 36 0.779 0.754–0.805 

0 48 0.730 0.702–0.758 

0 60 0.703 0.674–0.731 

Recurrence 0 12 0.016 0.008–0.024 

0 24 0.070 0.055–0.086 

0 36 0.088 0.070–0.105 

0 48 0.092 0.074–0.109 

0 60 0.084 0.066–0.101 

CRC-related dead 0 12 0.000 0–0 

0 24 0.002 0–0.005 

0 36 0.015 0.008–0.023 

0 48 0.026 0.016–0.036 

0 60 0.040 0.028–0.053 

Non-CRC-related dead 0 12 0.054 0.040–0.068 

0 24 0.086 0.069–0.104 

0 36 0.118 0.098–0.138 

0 48 0.152 0.130–0.174 

0 60 0.173 0.150–0.197 

Alive, recurrence-free - > Recurrence 6 60 0.085 0.067–0.103 

12 60 0.082 0.065–0.099 

24 60 0.052 0.038–0.065 

36 60 0.029 0.019–0.040 

48 60 0.012 0.005–0.020 

Alive, recurrence-free - > CRC-related Dead 6 60 0.041 0.028–0.053 

12 60 0.038 0.026–0.050 

24 60 0.022 0.013–0.030 

36 60 0.010 0.004–0.015 

48 60 0.003 0.000–0.006 

Recurrence - > CRC-related Dead 6 60 0.336 0.210–0.462 

12 60 0.336 0.210–0.462 

24 60 0.285 0.201–0.369 

36 60 0.203 0.127–0.278 

48 60 0.133 0.066–0.201 

Fig. 2. Cumulative incidence of colorectal cancer (CRC) recurrence, CRC-related, and 

non-CRC-related mortality in patients undergoing curative resection, according to 

tumor location and stage. 
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mpact on the CRC prognosis, with the 5-year CRC-related mortal- 

ty increasing from 3.8% to 33.6% when moving from those who are 

live and recurrence-free one year after surgery to those who have 

ad a recurrence by that time. These figures are 1.0% and 20.3% 
4 
espectively when comparing a patient alive and recurrence-free 

ith a patient alive after CRC-recurrence 3-years after surgery. 

The effects of covariates on the transition probabilities esti- 

ated from a transition-specific Cox model are shown in Table 3 . 

 similar analysis was also performed considering CRC-related and 

on-CRC-related deaths together (Supplemental Table 1), as well 

s deleting from analysis those patients diagnosed with metastasis 

Supplemental Table 2). Of all the variables examined, only stage 

II-VI (HR = 1.53; p = 0.022) significantly increased the hazard of 

ecurrence, although this effect disappear after adjusting for adju- 

ant chemotherapy (Supplemental Table 3). 

Furthermore, advanced age was significantly associated with an 

ncrease in non-CRC-related mortality, whether there was a re- 

urrence during follow-up or not, although the effect of age on 

he risk of non-related death appears to be weaker after a recur- 

ence diagnosis (age ≥75 years: HR = 4.26 vs. HR = 7.76). Non-CRC- 

elated death was also significantly associated with higher Charl- 

on comorbidity scores (HR = 1.43; p < 0.001) in patients with- 

ut local recurrence or metastases. In both patients with and with- 

ut recurrence, women tended to be associated with a lower risk 

f death, although the differences were not statistically significant 

 Table 3 ). In addition, after adjustment for adjuvant chemotherapy, 

his treatment also appears to be associated with higher non-CRC- 

elated mortality (Supplemental Table 3). 

In contrast, in patients without a recurrence, the only vari- 

ble that significantly increased the risk of CRC-related mortal- 

ty was age ≥75 years (HR = 8.48; p = 0.049). After a re- 

urrence, the risk of CRC-related death significantly increased in 

tages III-IV (HR = 2.35; p = 0.004) and with higher comorbid- 

ty scores (HR = 1.54; p = 0.003). After adjustment for poten- 

ial confounders, no differences were found in the cumulative inci- 
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Table 3 

Results of Cox models to analyze the association of different prognostic factors on recurrence and mortality. Multistate Markov proportional regression model. 

Alive, recurrence-free - > Recurrence 

HR 95 % CI(HR) p 

Age at diagnosis 

[65, 75) years vs ( < 65 years) 0.84 0.54–1.32 0.453 

≥ 75 years vs ( < 65 years) 1.11 0.72–1.71 0.638 

Gender 

Female vs Male 0.88 0.61–1.27 0.479 

TNM Stage 

III, IV vs In situ, I or II 1.53 1.06–2.21 0.022 

Localitation 

Rectum vs Colon 1.31 0.90–1.89 0.156 

Histological grade 

G2 (moderately differentiated) vs G1 1.11 0.71–1.75 0.645 

G3-G4 (poorly differentiated) vs G1 0.38 0.13–1.11 0.076 

Charlson’s comorbidity index 0.84 0.69–1.01 0.068 

CEA 1.01 0.99–1.02 0.280 

Alive, recurrence-free - > CRC-related Dead Recurrence - > CRC-related Dead 

HR 95 % CI(HR) p HR 95 % CI(HR) p 

Age at diagnosis 

[65, 75) years vs ( < 65 years) 2.95 0.30–28.8 0.353 0.90 0.44–1.84 0.769 

≥ 75 years vs ( < 65 years) 8.48 1.00–71.69 0.050 1.18 0.60–2.33 0.633 

Gender 

Female vs Male 1.32 0.39–4.47 0.653 1.05 0.56–1.95 0.890 

TNM Stage 

III, IV vs In situ, I or II 2.15 0.62–7.48 0.229 2.35 1.31–4.20 0.004 

Location 

Rectum vs Colon 1.09 0.28–4.23 0.899 0.76 0.42–1.37 0.359 

Histological grade 

G2 (moderately differentiated) vs G1 0.56 0.14–2.31 0.427 1.32 0.62–2.83 0.470 

G3-G4 (poorly differentiated) vs G1 0.51 0.05–5.36 0.579 0.61 0.13–2.95 0.540 

Charlson’s comorbidity index 1.20 0.72–1.99 0.490 1.54 1.16–2.04 0.003 

CEA 0.93 0.75–1.16 0.524 1.02 0.99–1.04 0.146 

Alive, recurrence-free - > Non-CRC-related Dead Recurrence - > Non-CRC-related Dead 

HR 95 % CI(HR) p HR 95 % CI(HR) p 

Age at diagnosis 

[65, 75) years vs ( < 65 years) 2.82 1.63–4.87 < 0.001 0.89 0.23–3.47 0.866 

≥ 75 years vs ( < 65 years) 7.76 4.63–12.99 < 0.001 4.26 1.29–14.10 0.018 

Gender 

Female vs Male 0.76 0.57–1.02 0.071 0.34 0.11–1.11 0.073 

TNM Stage 

III, IV vs In situ, I or II 0.93 0.68–1.27 0.649 0.84 0.34–2.06 0.707 

Localitation 

Rectum vs Colon 1.17 0.86–1.59 0.332 0.93 0.37–2.38 0.883 

Histological grade 

G2 (moderately differentiated) vs G1 1.24 0.86–1.80 0.251 1.00 0.35–2.86 0.997 

G3-G4 (poorly differentiated) vs G1 1.08 0.59–1.97 0.798 0.00 0.00-Inf 0.988 

Charlson’s comorbidity index 1.43 1.29–1.58 < 0.001 1.27 0.81–2.01 0.299 

CEA 1.00 0.99–1.02 0.628 1.01 0.97–1.05 0.671 
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ence of recurrence or survival between colon and rectal tumours 

 Table 3 ). 

Finally, the differential im pact of local recurrence and distant 

etastasis on both CRC-related and non-CRC-related death was ex- 

mined. As expected, distant metastasis significantly increased the 

isk of CRC-related death compared with local recurrence (Supple- 

ental Table 4). 

. Discussion 

This study verified the usefulness of MSM for analysing CRC re- 

urrence and death risk and associated factors in CRC disease-free 

atients after curative surgical resection. Although other authors 

ave shown the advantages of these statistical models in this con- 

ext [13] , there are still few studies that have used this method- 

logy [20–22] . In contrast to the work of Darcourt et al., which 

ears ago already demonstrated the advantages of MSM over other 

ethodological approaches to study CRC progression and the role 

f recurrence in this process, this study provides a new analysis in 
5 
 contemporary cohort, including prognostic factors not analysed 

n that manuscript. Moreover, it provides current estimates of the 

RC recurrence rate and the transition probabilities between dif- 

erent states (alive without recurrence, alive without recurrence, 

r dead), while separately analysing factors associated with CRC- 

elated and non-CRC-related mortality. 

MSM overcome, as it was previously introduced, the limitations 

f other analytical approaches. Thus, some studies have analysed 

rognostic factors for recurrence using logistic regression [31] , ig- 

oring differences in the length of follow-up between patients. The 

mpact of recurrence on survival has also been analysed using Cox 

odels, ignoring that it is a time-dependent covariate and intro- 

ucing the so-called lead-time bias. 

To our knowledge, this is the first study to estimate the proba- 

ility of a CRC patient being in a given situation (alive without re- 

urrence, alive after a recurrence, or dead) at different times. The 

ew works that have also employed MSM to analyse CRC prognosis 

ave mainly used them to determine the impact of relapse on sur- 

ival and its associated risk factors; without providing an overall 
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Fig. 3. Stacked plot of state occupation probabilities of being alive free from recur- 

rence, being alive after recurrence and CRC-related or non-CRC-related death as a 

function of time since curative surgery. 

v

T

i

a

u

w

u

[

a

[  

t

c

O

p

i

[

t

t

c

3

w

s

c

t

r

M

c

o

t

t

f

a

T

y

t

s

[

p

h

s

p

t

t  

m

a

o

n

l

v

c

p

a

i

i

t

p

t

p

t

w

H

v

C

o

a

o

a

n

s

i

r  

s  

n

f

iew of the probability of different prognostic pathways [20–22] . 

his information during the follow-up could be very useful both to 

mprove patient communication, postoperative follow-up planning 

nd clinical decision-making. 

Our study confirms the overall good prognosis of CRC patients 

ndergoing curative surgery, with nearly 75% surviving 5-years 

ithout recurrence, both for colon and rectal tumours. These val- 

es are similar to those reported in other geographical contexts 

32] , but higher than those reported for 5-year overall survival in 

 recent review [33] . This review found European rates of 42.9% 

34] for CRC as a whole, and of 46.3% for colon and 46.9% for rec-

um in Spain [35] . The present study excludes patients who are not 

andidates for curative surgery, which justifies the higher figures. 

ther works [33–35] included patients diagnosed at a much earlier 

eriod. This increase in survival may be related to improvements 
6 
n the preoperative, intraoperative and postoperative management 

36] . 

The cumulative recurrence incidence was 13.7%, with most of 

he recurrences occurring in the first 2–3 years. This figure is lower 

han that reported in a recent review, which concluded that re- 

urrence after curative surgery occurs in 30–50% of cases [32 , 37–

9] , but agrees that the first two years after surgery is the period 

ith the highest rate of recurrence. Studies including patients with 

tages II-IV [38 , 39] reported higher incidences. Stage I patients ac- 

ounted for 24.5% of our series, which may favour a decrease in 

he incidence. It should be noted that studies [40–42] with more 

ecent series including stage I reported incidences close to ours. 

oreover, most studies showed a higher recurrence rate in rectum 

ancer. 

Secondly, this study confirms the negative impact of recurrence 

n prognosis in terms of overall survival and cancer-specific mor- 

ality. Thus, transition probabilities obtained from MSM estimate 

hat the probability of dying from the tumor at 5-years is only 3.8% 

or patients who remain without recurrence 1-year after surgery 

nd 33.6% for a patient who has recurred in the first 12 months. 

hese results highlight the need for close follow-up in the first 2–3 

ears after surgery, where 60% of detected recurrences are concen- 

rated. These results are supported by other studies [43 , 44] . 

Third, MSM have allowed separate analysis of the impact of 

ome prognostic factors on different outcomes. Even some studies 

45] analyse survival only in CRC patients after recurrence. The im- 

act of simple variables such as age, gender, stage at diagnosis or 

istological grade, on the prognosis of CRC patients has been well 

tudied [42 , 46–49] . However, their impact has been analysed inde- 

endently on recurrence or survival, and few studies have analysed 

he differential impact on survival according to whether the pa- 

ient has a recurrence or not [13 , 20–22 , 38] . Moreover, CRC-specific

ortality is not always analysed [13 , 20 , 22] . 

As in previous studies, no differences in prognosis were found 

ccording to CRC location. Although a higher cumulative incidence 

f recurrence was found in rectal tumours, these differences were 

ot maintained in the multivariate analysis and are probably re- 

ated to a higher percentage of stage III-IV rectal tumours (36.1% 

s. 29.4%). Another work based on MSM revealed that tumour lo- 

ation was not associated with recurrence [21] . 

Stage was the only variable associated with recurrence. Most 

ublications agree that stage is a risk factor for overall mortality 

nd, in particular, mortality after recurrence [13 , 42] . Not surpris- 

ngly, stage is not associated with non-cancer mortality [48] . Sim- 

lar results were reported by Darcourt et al. [13] , who concluded 

hat information on baseline stage is of only limited interest when 

atients are monitored for recurrence. Other studies concluded 

hat stage III was associated with recurrence [43] and a higher 

robability of death after recurrence [13 , 22] , although other au- 

hors did not support this finding [38] . However, the cause of death 

as not considered in these studies. Gilard-Pioc et al. [20] and 

uszti et al. [50] determined that higher cancer stage is an ob- 

ious predictor of specific death with and without recurrence in 

RC using a multistate approach. Although the significant impact 

f tumor stage on recurrence risk disappears after adjusting for 

djuvant chemotherapy, this could be attributed to the so-called 

ver-adjustment bias [51] . This phenomenon may also explain why 

 role for adjuvant chemotherapy in reducing recurrence rates has 

ot been confirmed. On the other hand, adjuvant chemotherapy re- 

ulted significantly associated with non-cancer mortality, as seen 

n other tumors, probably related to its high toxicity [52] . 

Age resulted not significantly associated with recurrence, as 

eported by other authors [20 , 22 , 39 , 41] , but is inconsistent with

tudies focusing on patients with stage I-II CRC [13 , 37] . Age was

ot associated with CRC-related death, whilst was a significant risk 

actor for non-CRC-related mortality. These findings are consistent 
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ith those of other authors [13 , 20] , who also note how the impact

f age became less important after recurrence. 

In our results, as in another study [43] , no association was ob- 

erved between comorbidity at diagnosis and CRC recurrence. In 

ontrast, a higher risk of CRC-related death after recurrence and 

on-CRC-related death without recurrence was observed in pa- 

ients with higher comorbidity scores. Other studies suggest that 

omorbidity is associated with risk of recurrence and poor survival 

37 , 53 , 54] . Differences could be associated to different definitions 

f comorbidity, with some authors analysing the impact of specific 

omorbidities such as overweight/obesity [21] or diabetes mellitus 

45] . 

Our study did not find an association between sex, grade of 

ifferentiation and preoperative CEA levels with CRC prognosis. 

ublished results on differences in recurrence risk between males 

nd females are contradictory [13 , 20–22 , 32 , 33 , 37 , 41 , 46] , whereas a

ystematically higher survival rate in women has been described 

36 , 38] . Regarding the degree of differentiation, our study does not 

llow us to verify the findings of previous analyses, according to 

hich poor differentiation was associated with an increased risk 

f recurrence in patients with stage I-III colon cancer [37] or worse 

urvival after recurrence [44] . Finally, some studies [32 , 55] have re- 

orted a good correlation between CEA levels and CRC recurrence 

nd survival. In our work, CEA levels at diagnosis were considered, 

o it would be interesting for future studies to include post-surgery 

EA levels. 

This study has several limitations. First, it is a single-centre 

tudy, which may limit the generalisability of our findings. How- 

ver, the data collection was simplified and the procedures, mea- 

ures and variables collected were more homogeneous. Secondly, 

ome of the measures were obtained from clinical records, so in- 

ormation bias could not be discarded. Other measures were based 

n interview data, so there was a risk of recall bias. Thirdly, this 

s an old series of patients, which could lead to changes in patient 

anagement. On the other hand, it allows us to have a long-term 

ollow-up period. Fourth, recurrence was defined as a compos- 

te of local recurrence and/or distant metastasis, whichever came 

rst. However, it should be taken into account that the prognos- 

ic differences between local and metastasis are not fully compa- 

able. Finally, some factors for CRC recurrence or survival, such as 

hemotherapy, adjuvant therapy, surgery type or treatment, were 

ot analysed. 

The main strength of this study is that it was based on a 

rospective dataset of incident CRC cases with a long follow-up 

ime. Unlike most publications, this study analysed the impact of 

ecurrence on survival by considering CRC-related deaths and non- 

RC-related deaths separately. Finally, we would like to highlight 

he use of a statistical methodology that allows us to disaggregate 

he complex temporality between recurrence and death. 

In conclusion, this study demonstrate the usefulness of MSM to 

nalyse in detail the prognosis, and its associated factors, in CRC 

isease-free patients after curative resection. It confirms the nega- 

ive impact of recurrence as an intermediate event on survival, and 

nalyse separately the influence of simple prognostic factors on re- 

urrence, CRC-related mortality and non-CRC-related mortality. 
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