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Purpose: Colorectal cancer (CRC) recurrence is not routinely recorded in Danish health data registries. Here, we aimed to revalidate
a registry-based algorithm to identify recurrences in a contemporary cohort and to investigate the accuracy of estimating the time to
recurrence (TTR).

Patients and Methods: We ascertained data on 1129 patients operated for UICC TNM stage I-1I1 CRC during 20122017 registered
in the CRC biobank at the Department of Molecular Medicine, Aarhus University Hospital, Denmark. Individual-level data were
linked with data from the Danish Colorectal Cancer Group database, Danish Cancer Registry, Danish National Registry of Patients,
and Danish Pathology Registry. The algorithm identified recurrence based on diagnosis codes of local recurrence or metastases, the
receipt of chemotherapy, or a pathological tissue assessment code of recurrence more than 180 days after CRC surgery. A subgroup
was selected for validation of the algorithm using medical record reviews as a reference standard.

Results: We found a 3-year cumulative recurrence rate of 20% (95% CI: 17-22%). Manual medical record review identified 80
recurrences in the validation cohort of 522 patients. The algorithm detected recurrence with 94% sensitivity (75/80; 95% CI: 86-98%)
and 98% specificity (431/442; 95% CI: 96-99%). The positive and negative predictive values of the algorithm were 87% (95% CI: 78—
93%) and 99% (95% CI: 97-100%), respectively. The median difference in TTR (TTRyedical_chart- T TRagorithm) Was =8 days (IQR: =21
to +3 days). Restricting the algorithm to chemotherapy codes from oncology departments increased the positive predictive value from
87% to 94% without changing the negative predictive value (99%).

Conclusion: The algorithm detected recurrence and TTR with high precision in this contemporary cohort. Restriction to chemother-
apy codes from oncology departments using department classifications improves the algorithm. The algorithm is suitable for use in
future observational studies.

Keywords: time to recurrence, surveillance, chemotherapy, oncology

Introduction
Colorectal cancer (CRC) represents a significant health burden worldwide. At the time of diagnosis, about 75% of the
patients present with non-distant metastatic disease (UICC TNM stage I-III) and are eligible for surgery with curative
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intent." Still, an estimated ~25% of the patients experience recurrence. Between 70% and 90% of the recurrences are
detected within the first 3 years after surgery.>”’

In Denmark and many other countries, CRC recurrence is not recorded routinely in clinical databases or nationwide
healthcare registries. Therefore, Lash et al developed and validated an algorithm combining data from different Danish
registries to identify CRC recurrences for the period 2001-2011.'° The algorithm detected recurrence with a sensitivity of
95%, specificity of 97%, positive-predictive value of 86%, and negative predictive value of 99%.'° However, the
predictive performance of the algorithm may have changed since 2011 because of improvements in care and, conse-
quently, changes in recurrence risk. Changes in care include, eg, the implementation of central vascular ligation,
complete mesocolic excision, increased lymph node yield,'" implementation of population-based CRC screening,'?
and standardization of diagnostic CT-imaging."? In addition, the algorithm has not previously been validated with regard
to time to recurrence (TTR). TTR is important when using the algorithm for time-to-event analysis. Finally, because the
algorithm includes codes for chemotherapy that are also used outside the oncology setting (for example, methotrexate
treatment for rheumatoid arthritis), further optimization of the algorithm might be possible.

Therefore, the primary aim of this study was to estimate recurrence rates in a modern cohort of UICC TNM stage I-
IIT CRC patients and to validate the CRC recurrence algorithm using medical chart review as a reference standard on
a subset of this cohort. The secondary aims were to evaluate the accuracy of the algorithm for estimating TTR and to
evaluate the potential of improving the performance of the algorithm.

Materials and Methods

Data Sources and Data Collection

Data from the period January 2012 to December 2018 were obtained from the following Danish health and medical
registries,'* the Danish Colorectal Cancer Group (DCCG) database,'>'® the Danish Cancer Registry (DCR),'” the Danish
National Registry of Patients (DNPR),'® and the Danish Pathology Registry (DPR)." Individual-level records were
linked using the unique 10-digit civil registration number issued to each Danish resident by the Danish Civil Registration
System (CRS).?>?' Data from 2019 and onwards were not available to us due to implementation of a temporary new
version of DNPR (LPR3) in 2019.

The DCCG database provided information on the date of incident CRC diagnosis, date of surgery, and patient
characteristics. The DNPR contains administrative and clinical data and provided information on chemotherapeutic
treatment and diagnoses of metastasis. The DCR contains incidences of malignant neoplasms and provided information
on previous diagnoses of cancer.

Cohort

The study cohort was defined as individuals who consented to participate in the CRC biobank at the Department of
Molecular Medicine, Aarhus University Hospital, Denmark, with available data in the DCCG database (Figure 1). All
patients had to be >18 years of age with DCCG-registered date of surgery for UICC TNM stage I-III CRC between
January 2012 and December 2017 at a Danish hospital. Patients with a diagnosis of CRC or metastases in the DNPR or
the DCR more than 180 days before the date of debut of CRC were excluded. Patients with a diagnosis of cancer
different from CRC (except non-melanoma skin cancer, NMSC), or metastases with unknown origin at any time before
the date of CRC debut were also excluded.

A subcohort was selected for validation of the algorithm performance following two steps: 1) an existing cohort of
patients with follow-up from prospective clinical studies**** (n=322) and 2) an additional random sample of 200 UICC
stage I-1I patients. One investigator (JN) did the final medical chart review of all patients in the validation cohort (n=522)
to ensure consistent definition of recurrence.

Recurrence Detection by Algorithm
The algorithm used to identify recurrences has previously been described in detail.'® We defined the date of recurrence as
the earliest date of a code/combination leading to fulfillment of at least one of the following four criteria (Figure S1):
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Eligible patients
identified in BIOBANK
n =1468

Excluded before analysis (n=339):
- Date of surgery missing in DCCG database (n=64)
Excluded - Not in Denmark at date of CRC diagnosis (n=18)

> Previous diagnosis of cancer (n=202)
- Metastases or CRC diagnosis >180 days before diagnosis (n=26)
' - Death within 180 days after surgery (n=29)
Study cohort
n=1129

Not selected for medical
> record review
n =607

Y

Validation cohort
n=522

Figure | Identification of study cohort in a flowchart. All patients included in the biobank at the Department of Molecular Medicine, Aarhus University Hospital, Denmark,
between January 2012 and December 2018, were identified and included. The cohort was linked by unique 10-digit civil registration number with data from Danish health
and medical registries (Danish Colorectal Cancer Group database, the Danish Cancer Registry, the Danish National Registry of Patients, and the Danish Pathology Registry)
and used by the algorithm to identify CRC recurrences. A validation cohort was selected for medical chart review to identify recurrences. BBOBANK = CRC biobank at the
Department of Molecular Medicine, Aarhus University Hospital, Denmark.

Abbreviations: DCCG, Danish Colorectal Cancer Group; CRC, colorectal cancer.

1. Metastases: DNPR-registered or DCR-registered metastases codes (ICD-10 DC76-DC80) 180 or more days after
CRC surgery without a new primary cancer diagnosis other than CRC (except NMSC) between time of CRC
surgery and time of metastases.

2. Chemotherapy: DNPR-registered treatment codes (BWHA1-2, BOHJ17 or BOHJ19B1) at least 180 days after
CRC surgery and 60 or more days after last chemotherapy treatment code without a new primary cancer diagnosis
other than CRC (except NMSC).

3. Pathological assessment of tissue: DPR-registered SNOMED combinations recorded at least 180 days after CRC
surgery and without a new primary cancer diagnosis other than CRC (except NMSC).

Combinations included

3.1 T-code in the colon or rectum (T6491, T65900, T65901. T65925, T65926, T660, T67 or T68) with
morphology codes M8 or M9 with three or more in the fifth position (M8XXX3).

3.2 Any T-code with morphology codes M8 or M9 with the digits 4, 6 or 7 in the fifth position.

3.3 Liver adenocarcinoma: T56 in combination with M81403, which we interpreted as representation of a liver

metastasis.
4. Diagnosis of local recurrence: DNPR-registered CRC local recurrence codes (DC189X or DC209X).

Medical Chart Review-Based Recurrence Detection

CRC recurrences were defined as (1) tumor growth at or near the site of the original tumor and in the same organ (colon
or rectum) or (2) metastases to tissue adjacent to the original tumor site or to a distant organ. The recurrence date
identified through clinical follow-up by electronic medical chart review was defined as the date of the first determinate
statement of CRC recurrence in either 1) the patient record, 2) radiological imaging descriptions, 3) pathological
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assessments of tissue, or 4) a multidisciplinary team conference decision.?* Patients were followed up for recurrence until
December 31, 2018, in both registries and medical records.

Statistical Analysis

The frequency and proportion of patients in the study and validation cohorts were calculated and presented within
categories of gender, age, comorbidity, year of surgery and disease stage. Categorical variables were given as number of
total (n/N). Continuous variables were reported as median with inter quartile range (IQR).

The cumulative incidence curves of recurrence, based on the algorithm, were constructed for the study cohort
stratified by stage to evaluate the external validity of the CRC biobank.

The agreement between the algorithm and our medical chart review for the validation cohort were computed with
kappa statistics, and the sensitivity, specificity, positive predictive value, and negative predictive value for the registry-
based algorithm were calculated from a contingency table. Patients with inconsistent recurrence status between the
algorithm and medical chart review were investigated further and reported in a descriptive manner.

The TTR was calculated as days between the date of CRC surgery and date of recurrence. The correlation coefficient
between TTRyedical chart 8nd TTRyjgorithm Was calculated, and the difference was reported as the median and IQR
(TTRwedicat_chart = TTRaigoritnm)- Recurrence rates were calculated and reported as 1- and 3-year cumulative incidence
proportions within each UICC stage treating death as competing risk.

Statistical analyses were carried out using R version 4.1.3 (https://www.r-project.org/) and RStudio v.2021.9.1.372

(RStudio, PBC, Boston, MA, http://www.rstudio.com/). Sensitivity, specificity, and predictive values of the algorithm

were calculated using the R package “epiR” version 2.0.39 (https://CRAN.R-project.org/package=epiR) with recurrence

status from medical chart review as reference standard.
This study was reported according to The REporting of studies Conducted using Observational Routinely-collected
health Data (RECORD) Statement.*’

Ethics

Informed consent to participate in the biobank had previously been obtained from all participants. The study was
approved by the National Committee on Health Research Ethics (J. no. 1704081). The CRC biobank has been approved
by the Danish Data Protection Agency (j. no. 1-16-02-27-10).

Results
In the period 20122017, the merging between the biobank and the DCCG database identified 1468 UICC TNM stage I—-
III CRC patients (Figure 1). After exclusions, the final study cohort included 1129 UICC TNM stage I-III patients. An
overview of the clinical characteristics of the study cohort is presented in Table 1.

In the full study cohort, the algorithm identified 222 recurrences (Cohort prevalence = 20%, 95% CI: 17-22%). The
cumulative incidence of CRC recurrence at 1-year was 7.9% (95% CI: 6.3-9.5%) and 20% (95% CI: 17-22%) after 3
years (Figure 2A).

Table | Descriptive Characteristics of the Study Cohort and the Validation Cohort

Variable Study Cohort, Validation Cohort,
n=1129 n =522

CRC recurrence, n (%)

Algorithm 222 (20) 86 (16)
Medical chart review - 80 (15)
Gender, n (%)
Male 648 (57) 294 (56)
Female 481 (43) 228 (44)
(Continued)
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Table 1 (Continued).

Variable Study Cohort, Validation Cohort,
n=1129 n =522
Age groups (years), median (IQR) 69 (63-76) 70 (63-76)
Charlson Comorbidity Index Score, n (%)
Comorbidity 0 659 (58) 310 (60)
Comorbidity 1-2 369 (33) 169 (32)
Comorbidity >3 101 (9) 43 (8)
Tumor location, n (%)
Right colon 387 (34) 184 (35)
Left colon 390 (35) 191 37)
Colon NOS | 0
Rectum 351 (31%) 147 (28)
Year of surgery, n (%)
2012 234 (21) 65 (12)
2013 194 (17) 66 (13)
2014 170 (15) 53 (10)
2015 160 (14) 71 (14)
2016 147 (13) 74 (14)
2017 224 (20) 193 (37)
UICC TNM stage, n (%)
0% 3(<I) 0
| 215 (19) 105 (20)
1] 491 (43) 209 (40)
1] 412 (37) 208 (40)
NA 8 (I) 0 (0)
Follow-up (months), median (IQR) 38 (19-60) 25 (16-51)

Notes: Percentages may not sum to 100 due to rounding. Tumor location: Location of primary colonic tumor
was dichotomized in right and left colon cancers, based on the location of the tumor in relation to the left
flexure. *Pathologically staged rectal cancer patients.

Abbreviations: CRC, colorectal cancer; NOS, not otherwise specified; UICC TNM, Union for International
Cancer Control tumor, node, metastases; NA, not assessed.

The clinical characteristics of the validation cohort are presented in Table 1. The medical chart review identified 80
CRC patients with recurrence (cohort prevalence = 15%, 95% CI: 12-19%). The algorithm identified 86 patients with
recurrence of whom 75 were true positives resulting in a sensitivity of 94% (95% CI: 86-98%) and a specificity of 98%
(95% CI: 96-99%) (Table 2). The positive and negative predictive values of the algorithm were 87% (95% CI: 78-93%)
and 99% (95% CI: 97-100%), respectively. Kappa statistics were strong with 0.89.

Characteristics of False Positives and False Negatives
The algorithm captured false recurrences in 11 patients. Two cases were new primary cancers falsely interpreted as
metastases from CRC. A third case was captured because of an incorrect date of surgery in DCCG leading to
interpretation of the date of primary surgery as the date of recurrence. A fourth case was captured because of
a misclassified liver metastases code in the DNPR. The remaining seven cases were captured due to the algorithm not
distinguishing between chemotherapy codes for treatment of medical conditions and recurrence. In all seven cases, the
capture was due to methotrexate or cyclophosphamide treatment for rheumatoid arthritis or essential thrombocythemia
and not due to CRC recurrence. Importantly, these treatment codes were all registered at a medical department rather than
an oncology department.

The algorithm failed to capture recurrence in five patients. Two of these patients were diagnosed with recurrence
based on radiological imaging in December 2018; one patient started chemotherapy in January 2019 and the other patient
had a biopsy in January 2019 with a SNOMED code of lung metastasis. Due to the end of follow-up of our study on
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Figure 2 Cumulative incidence curves for CRC recurrence and time to recurrence visualization. (A) Cumulative incidence curves for CRC recurrence within the study cohort. Curves
are visualized within each UICC TNM stage treating death as a competing risk. Dashed lines represent lower and upper 95% confidence interval limits. Censoring is illustrated with “|”.
No recurrences can be identified by the algorithm within 180 days from CRC diagnosis. No patients were censored within 180 days due to exclusion prior to analysis. (B) Cumulative
incidence curves for CRC recurrence within the validation cohort visualized by recurrence identification method. (C) Time to recurrence (TTR) by algorithm vs medical chart review.
Datapoints represent the 75 patients with recurrence detected both by the algorithm and through medical chart review. Colored by difference in TTR. The two standard-of-care
surveillance CT scans for Danish CRC patients at 12 and 36 months postoperative are annotated. The association was assessed using Spearman correlation. (D) Difference in TTR by
algorithm vs medical chart review around postoperative day 180, which is the earliest possible TTR by the algorithm. (E) Difference in TTR by algorithm vs medical chart review at 12
months postoperative. Long dashed and dashed line shows TTR by medical chart review +2 and +4 weeks, respectively. Three recurrences are not registered by the algorithm before +6
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Abbreviations: UICC, Union for International Cancer Control; TNM, tumor node and metastasis; TTR, time to recurrence; SNOMED, Systematized Nomenclature of Medicine.
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Table 2 Concordance of Recurrences Identified by a Registry-Based Algorithm and Recurrences Identified by Medical Chart

Review
(A) Validation Cohort Medical Chart Review (B) Optimized Algorithm Medical Chart Review
2012-2017
Recurrence | No Recurrence Recurrence | No Recurrence
Algorithm Recurrence 75 I Algorithm Recurrence 75 5
No recurrence 5 431 No recurrence 5 437
Prevalence = 80/522 = 15% (95% Cl 12—19%) Prevalence = 80/522 = 15% (95% Cl 12—19%)
Sensitivity = 75/80 = 94% (95% CI 86—-98%) Sensitivity = 75/80 = 94% (95% CI 86—-98%)
Specificity = 431/442 = 98% (95% Cl 96-99%) Specificity = 437/442 = 99% (95% CI 97—-100%)
PPV = 75/86 = 87% (95% Cl 78-93%) PPV = 75/80 = 94% (95% Cl 86-98%)
NPV = 431/436 = 99% (95% Cl 97-100%) NPV = 437/442 = 99% (95% Cl 97—-100%)

Notes: (A) Contingency table presenting the performance of the original algorithm. (B) Contingency table presenting the performance of the optimized algorithm after
classifying chemotherapeutic treatment from oncology departments as recurrence. Sensitivity, specificity, and predictive value of the algorithm is calculated using the
R package “epiR” version 2.0.39 (https://CRAN.R-project.org/package=epiR).

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

December 31, 2018, these patients appeared as false negatives in our analysis but would have been captured with longer
follow-up. A third patient was diagnosed with CRC recurrence less than 180 days after primary surgery and died shortly
after; the patient did not receive palliative chemotherapy in the timeframe from day 180 until death, explaining why the
algorithm was unable to capture the recurrence. One patient was diagnosed with disseminated disease at the 12 months
postoperative CT-scan but did not receive any further diagnostics or treatment before death. The fifth patient was
diagnosed with a biopsy-verified retroperitoneal metastasis from CRC (DNPR: DC786), which was not detected due to
a DNPR-registered code of Pseudomyxoma peritonei the day before biopsy-verification (counting as a new primary
cancer).

Time to Recurrence (TTR)

The cumulative incidence curves generated using the algorithm and medical chart recurrences were similar (Figure 2B).
Correspondingly, comparison of the TTRjgorithm and TTRyjedical chare Showed that they were highly correlated, R*=0.993
(Figure 2C), with the largest differences in TTR found for recurrences diagnosed clinically before day 180 (Figure 2D).
The median difference between TTRjgorithm and TTRyedical chart Was —8 days (IQR: —21 to +3 days). The incidence of
CRC recurrence accumulated at the timepoints of standard-of-care postoperative surveillance CT-scans at 12 and 36
months. This observation, combined with 1- and 3-year cumulative recurrence rates being commonly used endpoints,
prompted us to explore the correlation between TTRjgorithm and TTRyjedical chare Particularly at 12 and 36 months. This
revealed a general but minor delay in TTRgorithm (Figure 2E and F).

Optimization of Algorithm

In the validation cohort, a total of 28 recurrences were captured by incorporating a chemotherapy code; seven of these
were false positives. One of these patients was later diagnosed with breast cancer and treated with chemotherapy. The six
other captures were due to non-colorectal-cancer related chemotherapy codes originating from non-oncology depart-
ments, eg, methotrexate codes from departments of hematology. When restricting the algorithm to chemotherapy codes
from oncology departments, the PPV of the algorithm increased to 94% (95% CI 86-98%) from the original 87% (95%
CI 78-93%) (Table 2).

Discussion

In this study, we found a 3-year cumulative recurrence rate of 20% (95% CI: 17-22) in the total cohort. Medical chart
review of our validation subgroup confirmed that the algorithm has high validity — with 94% sensitivity, 98% specificity,
87% positive-predictive value and 99% negative-predictive value. These validation parameters are compared to those
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reported for the algorithm on a cohort of CRC patients diagnosed 2001-2011.'° As such, the algorithm performs equally
in a modern cohort.

The algorithm has previously been used to evaluate CRC recurrence in unselected populations. Holmes et al
investigated CRC recurrence in 21,152 Danish patients diagnosed between 2001 and 2011 and found increasing risk
of recurrence with increasing disease stage.”® Our results are in line with these findings with recurrence rates increasing
from 4.7% to 16% and 32% in UICC TNM stage I, II and III diseases, respectively. Another study used the algorithm to
identify CRC recurrences in 4369 unselected patients operated between 2010 and 2013 and found a 5-year cumulative
rate of recurrence between 22.5% and 24.3%, which is comparable to our observation.?’

Adjuvant treatment as a combination of fluorouracil and oxaliplatin for a duration of 6 months is recommended in the
Danish guidelines for UICC TNM stage III colon cancer patients. A 180-day period was implemented in the algorithm to
ensure that diagnostic work-up and adjuvant treatment was complete. The same principle has been applied in other
studies reporting recurrences before postoperative day 180 as synchronous metastases.”® >° Consequently, we observed
a difference in TTR for algorithmic and medical chart recurrences for clinical recurrences before day 180, although we
showed a very high correlation overall. We also demonstrated that there is a delay from clinical recurrence to capture of
recurrence in health care registries. As 1- and 3-year cumulative recurrence rates are common endpoints in the

literature,' >*

this should be noted to prevent underestimation of recurrences by the algorithm. We suggest a 4-week
interval around the 1- and 3-year algorithmic recurrence rates to mitigate the effects of the delay.

Our analysis of the false-positive cases revealed the CRC recurrence algorithm was limited by its inability to
distinguish chemotherapeutic treatment of medical conditions (for example, methotrexate for the treatment of rheumatoid
arthritis) from that of cancer recurrence. This is because the ICD-10 code “BWHA1” (Basic cytostatic treatment) is
nonspecific and could potentially be used when administering prescription medication such as methotrexate. However,
methotrexate is never used in the management of CRC. In Denmark, hospital departments are classified according to
a standardized code system (The National Catalogue of Health Organizations).>* By medical chart review, we extracted
the departmental codes for all the recurrences identified from chemotherapy codes in the validation cohort. When we
restricted the algorithm to only capture recurrences when the chemotherapy code originated from oncology departments,
this improved the positive predictive value of the algorithm from 87% to 94%. The same approach is being used by the
DCCG database for identifying the patients receiving adjuvant chemotherapy, and the DCCG report that the approach has
an accuracy of 94%.>°

Limitations of the present study include the relatively short follow-up of our validation subgroup. Three years of
complete follow-up would be preferable as 90% of all recurrences occur within this timeframe.””’

Conclusion

In conclusion, the algorithm detected recurrence and TTR with high precision in this contemporary cohort of patients
diagnosed 2012-2017 as in the original 2001-2011 population. Restriction to chemotherapy codes from oncology
departments using department classifications improves the algorithm. The algorithm is suitable for use in future
observational studies.

Abbreviations

CRC, colorectal cancer; TTR, time to recurrence; DCCG, Danish Colorectal Cancer Group; DCR, Danish Cancer
Registry, DNPR, Danish National Patient Registry; DPR, Danish Pathology Registry; CRS, Civil Registration System;
NMSC, non-melanoma skin cancer; IQR, interquartile range; RECORD, The REporting of studies Conducted using
Observational Routinely-collected health Data.

Acknowledgments
We would like to extend our gratitude to the Danish Colorectal Cancer Group (DCCG) for providing data from the
national colorectal cancer database. The registry and clinical data used in this study is considered personal and protected
patient data, in accordance with the Danish Data Protection act and the General Data Protection Regulations, and
therefore cannot be disclosed.

248 https: Clinical Epidemiology 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Nors et al

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This study was funded by a PhD scholarship from Institute of Clinical Medicine, Aarhus University (Nors) and supported
by the Danish Cancer Society [grant numbers R133-A8520-00-S41, R146-A9466-16-S2, R231-A 13845, R257-A14700,
R307-A17932 (Andersen)] and the Novo Nordisk Foundation [grant number NNF170C0025052 (Andersen)].

Disclosure

Mr Jesper Nors reports personal fees from Aarhus University, during the conduct of the study. Prof. Dr Claus Lindbjerg
Andersen reports grants from The Novo Nordic Foundation and The Danish Cancer Society, during the conduct of the
study. The authors report no other conflicts of interest in this work.

References

—_

. Iversen LH, Green A, Ingeholm P, Osterlind K, Gogenur I. Improved survival of colorectal cancer in Denmark during 2001-2012 - the efforts of
several national initiatives. Acta Oncol. 2016;55(Suppl 2):10-23. doi:10.3109/0284186x.2015.1131331
2. Kobayashi H, Mochizuki H, Sugihara K, et al. Characteristics of recurrence and surveillance tools after curative resection for colorectal cancer:
a multicenter study. Surgery. 2007;141(1):67-75. doi:10.1016/j.surg.2006.07.020
. Osterman E, Glimelius B. Recurrence risk after up-to-date colon cancer staging, surgery, and pathology: analysis of the entire Swedish population.
Dis Colon Rectum. 2018;61(9):1016-1025. doi:10.1097/dcr.0000000000001158
4. Ikoma N, You YN, Bednarski BK, et al. Impact of recurrence and salvage surgery on survival after multidisciplinary treatment of rectal cancer.
J Clin Oncol. 2017;35(23):2631-2638. doi:10.1200/jc0.2016.72.1464
. 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: the FACS
randomized clinical trial. JAMA. 2014;311(3):263-270. doi:10.1001/jama.2013.285718
6. Wieldraaijer T, Bruin P, Duineveld LAM, et al. Clinical pattern of recurrent disease during the follow-up of rectal carcinoma. Dig Surg. 2018;35
(1):35-41. doi:10.1159/000464358
7. Duineveld LA, van Asselt KM, Bemelman WA, et al. Symptomatic and asymptomatic colon cancer recurrence: a multicenter cohort study. Ann
Fam Med. 2016;14(3):215-220. doi:10.1370/afm.1919
. Reece MM, Chapuis PH, Keshava A, Stewart P, Suen M, Rickard M. When does curatively treated colorectal cancer recur? An Australian
perspective. ANZ J Surg. 2018;88(11):1163-1167. doi:10.1111/ans.14870
9. van Gestel YR, de Hingh IH, van Herk-Sukel MP, et al. Patterns of metachronous metastases after curative treatment of colorectal cancer. Cancer
Epidemiol. 2014;38(4):448—454. doi:10.1016/j.canep.2014.04.004
10. Lash TL, Riis AH, Ostenfeld EB, Erichsen R, Vyberg M, Thorlacius-Ussing O. A validated algorithm to ascertain colorectal cancer recurrence
using registry resources in Denmark. /nt J Cancer. 2015;136(9):2210-2215. doi:10.1002/ijc.29267
11. Tran C, Howlett C, Driman DK. Evaluating the impact of lymph node resampling on colorectal cancer nodal stage. Histopathology. 2020;77
(6):974-983. doi:10.1111/his.14209
12. Njor SH, Larsen MB, Sgborg B, Andersen B. Colorectal cancer mortality after randomized implementation of FIT-based screening - a nationwide
cohort study. J Med Screen. 2022;9691413221102212. doi:10.1177/09691413221102212
13. Wille-Jorgensen P, Syk I, Smedh K, et al. 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. JAMA. 2018;319(20):2095-2103. doi:10.1001/
jama.2018.5623
14. Schmidt M, Schmidt SAJ, Adelborg K, et al. The Danish health care system and epidemiological research: from health care contacts to database
records. Clin Epidemiol. 2019;11:563-591. doi:10.2147/CLEP.S179083
15. Serensen HT, Pedersen L, Jorgensen J, Ehrenstein V. Danish clinical quality databases - an important and untapped resource for clinical research.
Clin Epidemiol. 2016;8:425-427. do0i:10.2147/clep.S113265
16. Ingeholm P, Gogenur I, Iversen LH. Danish colorectal cancer group database. Clin Epidemiol. 2016;8:465-468. doi:10.2147/clep.S99481
17. Gjerstorff ML. The Danish cancer registry. Scand J Public Health. 2011;39(7 Suppl):42-45. doi:10.1177/1403494810393562
18. Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Serensen HT. The Danish national patient registry: a review of content, data
quality, and research potential. Clin Epidemiol. 2015;7:449-490. doi:10.2147/CLEP.S91125
19. Erichsen R, Lash TL, Hamilton-Dutoit SJ, Bjerregaard B, Vyberg M, Pedersen L. Existing data sources for clinical epidemiology: the Danish
National Pathology Registry and Data Bank. Clin Epidemiol. 2010;2:51-56. doi:10.2147/clep.s9908
20. Pedersen CB. The Danish civil registration system. Scand J Public Health. 2011;39(7 Suppl):22-25. doi:10.1177/1403494810387965
21. Schmidt M, Pedersen L, Serensen HT. The Danish civil registration system as a tool in epidemiology. Eur J Epidemiol. 2014;29(8):541-549.
doi:10.1007/s10654-014-9930-3

w

W

fore]

Clinical Epidemiology 2023:15 htps: 249

Dove:


https://doi.org/10.3109/0284186x.2015.1131331
https://doi.org/10.1016/j.surg.2006.07.020
https://doi.org/10.1097/dcr.0000000000001158
https://doi.org/10.1200/jco.2016.72.1464
https://doi.org/10.1001/jama.2013.285718
https://doi.org/10.1159/000464358
https://doi.org/10.1370/afm.1919
https://doi.org/10.1111/ans.14870
https://doi.org/10.1016/j.canep.2014.04.004
https://doi.org/10.1002/ijc.29267
https://doi.org/10.1111/his.14209
https://doi.org/10.1177/09691413221102212
https://doi.org/10.1001/jama.2018.5623
https://doi.org/10.1001/jama.2018.5623
https://doi.org/10.2147/CLEP.S179083
https://doi.org/10.2147/clep.S113265
https://doi.org/10.2147/clep.S99481
https://doi.org/10.1177/1403494810393562
https://doi.org/10.2147/CLEP.S91125
https://doi.org/10.2147/clep.s9908
https://doi.org/10.1177/1403494810387965
https://doi.org/10.1007/s10654-014-9930-3
https://www.dovepress.com
https://www.dovepress.com

Nors et al Dove

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Henriksen TV, Tarazona N, Frydendahl A, et al. Circulating tumor DNA in stage III colorectal cancer, beyond minimal residual disease detection,
toward assessment of adjuvant therapy efficacy and clinical behavior of recurrences. Clin Cancer Res. 2022;28(3):507-517. doi:10.1158/1078-
0432.Ccr-21-2404

Reinert T, Henriksen TV, Christensen E, et al. Analysis of plasma cell-free DNA by ultradeep sequencing in patients with stages I to III colorectal
cancer. JAMA Oncol. 2019;5(8):1124-1131. doi:10.1001/jamaoncol.2019.0528

Pillay B, Wootten AC, Crowe H, et al. The impact of multidisciplinary team meetings on patient assessment, management and outcomes in
oncology settings: a systematic review of the literature. Cancer Treat Rev. 2016;42:56—72. doi:10.1016/j.ctrv.2015.11.007

Benchimol EI, Smeeth L, Guttmann A, et al. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD)
statement. PLoS Med. 2015;12(10):e1001885. doi:10.1371/journal.pmed.1001885

Holmes AC, Riis AH, Erichsen R, et al. Descriptive characteristics of colon and rectal cancer recurrence in a Danish population-based study. Acta
Oncol. 2017;56(8):1111-1119. doi:10.1080/0284186X.2017.1304650

Vogelsang RP, Fransgaard T, Falk Klein M, Gégenur 1. Long-term oncological outcomes in patients undergoing laparoscopic versus open surgery
for colon cancer: a nationwide cohort study. Colorectal Dis. 2022;24(4):439—448. doi:10.1111/codi.16022

Ravn S, Heide-Jorgensen U, Christiansen CF, Verwaal VJ, Hagemann-Madsen RH, Iversen LH. Overall risk and risk factors for metachronous
peritoneal metastasis after colorectal cancer surgery: a nationwide cohort study. BJS Open. 2020;4(2):284-292. doi:10.1002/bjs5.50247

Neo EL, Beeke C, Price T, et al. South Australian clinical registry for metastatic colorectal cancer. ANZ J Surg. 2011;81(5):352-357. doi:10.1111/
j.1445-2197.2010.05589.x

Wang X, Hershman DL, Abrams JA, et al. Predictors of survival after hepatic resection among patients with colorectal liver metastasis. Br
J Cancer. 2007;97(12):1606-1612. doi:10.1038/sj.bjc.6604093

Augestad KM, Bakaki PM, Rose J, et al. Metastatic spread pattern after curative colorectal cancer surgery. A retrospective, longitudinal analysis.
Cancer Epidemiol. 2015;39(5):734-744. doi:10.1016/j.canep.2015.07.009

Ishimaru K, Kawai K, Nozawa H, et al. Hazard function analysis of metastatic recurrence after colorectal cancer surgery-a nationwide retrospective
study. J Surg Oncol. 2021;123(4):1015-1022. doi:10.1002/js0.26378

Mitry E, Guiu B, Cosconea S, Jooste V, Faivre J, Bouvier AM. Epidemiology, management and prognosis of colorectal cancer with lung
metastases: a 30-year population-based study. Gut. 2010;59(10):1383—1388. doi:10.1136/gut.2010.211557

Sundhedsdatastyrelsen. Sygehus-afdelingsklassifikation (SHAK). Available from: https:/sundhedsdatastyrelsen.dk/da/rammer-og-retningslinjer
/om-klassifikationer/afdelingsklassifikation. Accessed December 20, 2021.

Klein MF, Gogenur I, Ingeholm P, Njor SH, Iversen LH, Emmertsen KJ. Validation of the Danish Colorectal Cancer Group (DCCG.dk) database -
on behalf of the Danish Colorectal Cancer Group. Colorectal Dis. 2020;22(12):2057-2067. doi:10.1111/codi.15352

Clinical Epidemiology Dove

Publish your work in this journal

Clinical Epidemiology is an international, peer-reviewed, open access, online journal focusing on disease and drug epidemiology, identification of
risk factors and screening procedures to develop optimal preventative initiatives and programs. Specific topics include: diagnosis, prognosis,
treatment, screening, prevention, risk factor modification, systematic reviews, risk & safety of medical interventions, epidemiology & biostatistical
methods, and evaluation of guidelines, translational medicine, health policies & economic evaluations. The manuscript management system is
completely online and includes a very quick and fair peer-review system, which is all easy to use.

Submit your manuscript here: https://www.dovepress.com/clinical-epidemiology-journal

250 EY in@Q Do Clinical Epidemiology 2023:15


https://doi.org/10.1158/1078-0432.Ccr-21-2404
https://doi.org/10.1158/1078-0432.Ccr-21-2404
https://doi.org/10.1001/jamaoncol.2019.0528
https://doi.org/10.1016/j.ctrv.2015.11.007
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1080/0284186X.2017.1304650
https://doi.org/10.1111/codi.16022
https://doi.org/10.1002/bjs5.50247
https://doi.org/10.1111/j.1445-2197.2010.05589.x
https://doi.org/10.1111/j.1445-2197.2010.05589.x
https://doi.org/10.1038/sj.bjc.6604093
https://doi.org/10.1016/j.canep.2015.07.009
https://doi.org/10.1002/jso.26378
https://doi.org/10.1136/gut.2010.211557
https://sundhedsdatastyrelsen.dk/da/rammer-og-retningslinjer/om-klassifikationer/afdelingsklassifikation
https://sundhedsdatastyrelsen.dk/da/rammer-og-retningslinjer/om-klassifikationer/afdelingsklassifikation
https://doi.org/10.1111/codi.15352
https://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Data Sources and Data Collection
	Cohort
	Recurrence Detection by Algorithm
	Medical Chart Review-Based Recurrence Detection
	Statistical Analysis
	Ethics

	Results
	Characteristics of False Positives and False Negatives
	Time to Recurrence (TTR)
	Optimization of Algorithm

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

