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Introduction: Accurate clinical staging of rectal cancer is hampered by suboptimal sensitivity of MRI in the
detection of regional lymph node metastases. Consequently, some patients may be understaged and have been
withheld neoadjuvant (chemo)radiotherapy in retrospect. Although Dutch guidelines do not advocate adjuvant
chemotherapy (ACT) in rectal cancer, some of these clinically understaged patients receive ACT according to
local policy. We aim to assess the benefit of ACT in these patients.

Methods: Population-based data from patients with clinically node-negative (cNO) but pathologically node-
positive (pN+) rectal cancer that underwent total mesorectal excision (TME) without neoadjuvant treatment
between 2008 and 2018 were obtained from the Netherlands Cancer Registry. Missing data were handled by
multiple imputation. Stabilised inverse probability treatment weighting (SIPTW) was used to balance clinical
characteristics. Overall survival (OS) was compared in ACT and non-ACT patients.

Results: Of 34,724 patients, 13,861 had cNO disease of whom 3016 were pN+ (21.8%). 1466 (48.6%) of these
patients underwent upfront TME and were included. Median follow-up was 84 months (95% confidence interval
[CI] 76-97) versus 79 months (95% CI 77-81) in patients that did (n = 290, 19.8%) and did not (n = 1176,
80.2%) receive ACT, respectively. After SIPTW adjustment, ACT was associated with improved OS (hazard ratio
0.70; 95% CI 0.49-0.99; p = 0.04). The estimated 5-year OS rate was 74.2% versus 65.3%, respectively.
Conclusion: In this population-based cohort of patients with cNO but pN+ rectal cancer who underwent upfront
TME, ACT was associated with a significant OS benefit. These data support to discuss ACT in this population.

1. Introduction

The benefit of adjuvant chemotherapy (ACT) in rectal cancer has not
been clearly established. A Cochrane meta-analysis of 21 randomised
controlled trials that investigated the benefit of ACT in patients with
rectal cancer showed a significant benefit in disease-free survival and
overall survival [1]. However, most trials were preceded with the
widespread use of high quality surgery by total mesorectal excision
(TME), which is associated with improved local control and survival

rates [2]. More recently, four randomised phase III trials investigated
postoperative chemotherapy compared to observation after preopera-
tive (chemo)radiotherapy [3-6]. In a meta-analysis of these trials, no
improvement in overall survival, disease-free survival, or distant
recurrence rate was observed [7]. Based on these data, Dutch guidelines
do not advocate ACT in rectal cancer patients.

Neoadjuvant treatment is recommended in patients with locally
advanced rectal cancer, predominantly to reduce the risk of local
recurrence [8,9]. For patients with early and intermediate rectal cancer,
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the risk of local recurrence is low and surgery alone with a radical TME is
appropriate according to the ESMO guideline [8]. However, clinical
staging of rectal cancer is hampered by suboptimal sensitivity of MRI,
and a proportion of patients clinically staged with lymph node negative
(cNO) disease may prove to have positive lymph nodes after pathologic
review of the surgical specimen (pN+) [10]. Some of these clinically
understaged patients receive ACT according to local policy. Previous
retrospective studies with data from American databases indicated an
overall survival benefit for any form of adjuvant treatment in this sub-
group of patients [11,12].

In this study, we assessed the impact of ACT on overall survival in
patients with cNO but pN+ rectal cancer, who had not been treated with
neoadjuvant (chemo)radiotherapy, in a large nationwide cohort of
Dutch patients diagnosed with rectal cancer between 2008 and 2018.

2. Methods
2.1. Study design and database

This retrospective cohort study was designed to assess the effec-
tiveness of ACT in patients with ¢cNO but pN+ rectal cancer who were
treated with upfront TME. With population-based data we conducted a
comparative analysis using stabilised inverse probability treatment
weighting (sIPTW) to adjust for the potential confounding effects of
patient baseline demographics and clinical characteristics.

Population-based data from patients with non-metastatic rectal
cancer treated with surgery in the Netherlands between January 2008
and December 2018 were requested from the Netherlands Cancer Reg-
istry (NCR). ICD-O-3 topography codes C209 (rectum) and C199 (rec-
tosigmoid) were included. The NCR registers all newly diagnosed
malignancies in the Netherlands and covers the total Dutch population
of over 17 million people. Main notifications of the NCR are linked to the
automated pathology archive comprising all histologically confirmed
cancer diagnoses, and the National Registry of Hospital Discharge Di-
agnoses. Trained data managers collect patient, tumour, and treatment
characteristics from medical records. Follow-up on vital status occurs
through annual linkage between the NCR and National Municipal Per-
sonal Records Database, which contains information on vital status of all
Dutch inhabitants. The most recent linkage occurred on February 1st
2023. Surviving patients were censored at this date.

During the study period, Dutch guidelines for rectal cancer recom-
mended clinical staging by MRI, and surgery according to TME. No clear
definition of the rectum was provided by the guidelines. The most used
pragmatic definition was < 15 cm from the anal verge, determined by
MRI and/or endoscopy [13]. ACT or adjuvant radiotherapy was not
recommended for any subgroup. The 2008 guidelines were revised in
2014 and included the following changes: the safe margin of the tumour
to the mesorectal fascia was changed from > 5 mm to > 1 mm, the
criteria for a tumour-positive lymph node on MRI was changed from a
diameter > 5 mm to a diameter of > 5 mm plus at least one malignant
feature (round, blurred boundary, and /or inhomogeneous aspect) or >
9 mm. As to neoadjuvant therapy, until 2014 short course (5x5 Gy)
radiotherapy was recommended for all ¢T2-T4 tumours (with the
possible exception for proximal ¢T2) and/or cN1 tumours. Long course
chemoradiotherapy with capecitabine 825 mg/m? twice daily was
indicated for cN2 disease and/or circumferential resection margin
(CRM) involvement. After 2014, short course radiotherapy was recom-
mended for cT1-3N1 tumours or ¢T1-3NO tumours with > 5 mm
extramural invasion, both with > 1 mm distance to the mesorectal fas-
cia. Long course chemoradiotherapy was indicated for ¢T4 and/or cN2
disease, or tumours with < 1 mm distance to the mesorectal fascia.

2.2. Patients

Patients with adenocarcinoma histology, cNO but pN+ disease, and
primary TME (including total proctocolectomy) were included. Patients
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were excluded if they received neoadjuvant (chemo)radiotherapy or
adjuvant radiotherapy, if they underwent a sigmoidectomy (considered
to have colon cancer), or if the pathological stage was unknown.

2.3. Outcomes

The primary outcome was overall survival in patients who were
treated with ACT versus who received no ACT according to the SIPTW
analysis. Overall survival time was defined as the time between diag-
nosis and death due to any cause. Subgroup analyses to evaluate the
effect of ACT according to pathological T-stage, pathological N-stage,
histological grade of the primary tumour, distance of the primary
tumour to the anal verge, and year of diagnosis (2008-2014 versus
2015-2018) were secondary outcomes. Data on chemotherapy regi-
mens, disease recurrence and cause of death are not routinely registered
in the NCR. Disease-free survival, disease-specific survival or the effect
of the chemotherapy regimen on overall survival could therefore not be
analyzed.

2.4. Statistical analysis

To describe the study population per cohort, continuous variables
were displayed as median with interquartile range (IQR) and categorical
variables as counts and percentages. Comparisons between baseline
characteristics between the two groups were done using the stand-
ardised mean difference (SMD). Unbalanced characteristics have a mean
SMD > 0.10. Median follow-up was calculated using the reverse Kaplan-
Meier method. Missing values were handled by multiple imputation
using a substantive model compatible fully conditional specification
(SMC-FCS) approach, assuming missingness at random. The substantive
model was a Cox proportional hazards analysis for overall survival with
the following variables: age, sex, distance to the anal verge, type of
surgery, differentiation grade, year of diagnosis, pathological T and N
stage, and the outcome (overall survival). Twenty iterations were used,
and multiple datasets were generated based on the percentage of pa-
tients with any missing data in the predictors used for SIPTW. sIPTW was
used to construct a weighted sample in which the patient baseline de-
mographics and clinical characteristics were balanced between treated
and untreated patients [14]. First, the propensity score was estimated
using multivariable logistic regression with type of treatment as the
dependent variable and age, sex, distance to the anal verge, type of
surgery, differentiation grade, year of diagnosis, pathological T and N
stage as covariates. CRM, mesorectal fascia involvement and extramural
vascular invasion (EMVI) were not available in the NCR for the total
study period, so could not be added. Using the propensity score, a sta-
bilised weight was calculated for each patient. Then, the balance of
covariates after matching was assessed with the mean SMD. The mean
SMDs before and after SIPTW were graphically displayed in a plot. Next,
the average treatment effect was calculated by including the weights in a
Cox proportional hazards regression model. The obtained hazard ratio
(HR) was reported with a 95% confidence interval (CI). The adjusted
5-year overall survival rate was predicted using the sIPTW Cox pro-
portional hazards model. For subgroup analyses, patients with missing
data of the variable of interest were excluded, after which other missing
values were imputed with multiple imputation using the above-
mentioned methods, and again sIPTW was used to evaluate the unbiased
treatment effect. A CI of 99% was used for subgroup analyses. Each
measure was determined for each imputed dataset and pooled using
Rubin’s rules. A 2-sided p < 0.05 was considered statistically significant.
All analyses were performed in R (version 4.2.2).

3. Results
3.1. Patient characteristics

Between 2008 and 2018, a total of 34,724 patients with
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adenocarcinoma of the rectum who underwent TME were identified.
13,861 had cNO disease, of whom 3016 were pN+ (21.8%). Of these
patients, 1466 (48.6%) did not receive neoadjuvant (chemo)radio-
therapy and were included in the analysis (Figure 1). 290 (19.8%) did
and 1176 (80.2%) did not receive ACT. In the time period before the
guideline revision (2008-2014), 466 patients were included of whom
132 (28.3%) were treated with ACT. In the time period 2015-2018,
1000 patients were included of whom 158 (15.8%) were treated with
ACT. In the unadjusted cohort, patient, tumour and treatment charac-
teristics differed between the groups that received ACT and no adjuvant
treatment (Table 1). Patients treated with ACT were younger, had a
more proximal primary tumour location, a higher pathological T and N
stage, underwent a low anterior resection more often than an abdominal
perineal resection, and the year of diagnosis was earlier.

Based on 19.2% of patients with missing data, 20 imputed datasets
were generated. After sIPTW, patient, tumour and treatment charac-
teristics were well balanced, with a mean standardised difference of
< 0.10 for all covariates (Table 1; supplementary Figure 1).

3.2. Primary outcome

Median follow-up was 84 months (95% CI 76-97) in the ACT group
and 79 months (95% CI 77-81) in the group that received no ACT. In the
unadjusted analysis, median overall survival was not reached (NR) (95%
CI 140-NR) in the ACT group and 106 months (95% CI 92-121) in the
group that received no ACT (HR 0.59; 95% CI 0.47-0.74; p < 0.001).
The 5-years overall survival was 75.0% versus 66.1%, respectively.

34,734 patients with
rectal cancer treated
with surgery

20,854 clinical stage Ill
or IV disease

10 sigmoidectomy

9 nonadenocarcinoma

13,861 cT1-4NO

10,841 pNO disease

4 unknown p stage

3,016 pN+

1,550 neoadjuvant
(chemo)radiotherapy

1,466 upfront surgery

0 adjuvant radiotherapy |

1,466 included

I |
1,176 no adjuvant 290 adjuvant
treatment chemotherapy

Fig. 1. Flow diagram of included patients.
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Table 1

Patient characteristics. ACT adjuvant chemotherapy, SMD standardised mean
difference, sIPTW stabilised inverse probability treatment weighting, IQR
interquartile range, LAR low anterior resection, APR abdominoperineal
resection.

No ACT (N ACT (N = Mean Mean SMD
=1176) 290) SMD after sIPTW

Sex 0.04 0.07
Female 435 (37%) 102 (35%)
Male 741 (63%) 188 (65%)
Age, median (IQR) 70 (63, 77) 65 (58, 71) 0.61 -0.04
Distance to anal

verge
0-5 cm 338 (29%) 16 (6%) 0.63 -0.03
5-10 cm 430 (37%) 56 (19%) 0.27 < 0.01
> 10 cm 288 (24%) 127 (44%) 0.79 0.02
Missing 120 (10.2%) 91 (31.4%) 0.54
Pathological T stage
1 95 (8%) 18 (6%) 0.07 -0.01
2 356 (30%) 51 (18%) 0.30 -0.03
3 662 (56%) 171 (59%) 0.05 0.04
4 63 (5%) 50 (17%) 0.38 < 0.01
Pathological N stage 0.32 0.01
1 962 (82%) 197 (68%)
2 214 (18%) 93 (32%)
Type of surgery
Other 63 (5%) 7 (2%) 0.15 0.01
LAR 922 (78%) 272 (94%) 0.46 -0.01
APR 191 (16%) 11 (4%) 0.42 -0.01
Differentiation grade
Good 27 (2%) 5 (2%) 0.04 < 0.01
Moderate 996 (85%) 239 (82%) 0.08 -0.02
Poor 87 (7%) 30 (10%) 0.11 0.02
Missing 66 (5.6%) 16 (5.5%) 0.00
Year of diagnosis, 2016 (2014, 2015 (2011, 0.40 -0.07

median (IQR) 2017) 2017)
2008-2014 334 (28%) 132 (46%)
2015-2018 842 (72%) 158 (54%)

After sSIPTW-adjusted analysis, the HR for overall survival was 0.70
(95% CI 0.49-0.99; p = 0.04). The estimated 5-year overall survival was
74.2% in patients treated with ACT versus 65.3% in patients not treated
with ACT.

3.3. Secondary outcomes

Mean standardised differences of patient, tumour and treatment
characteristics after SIPTW for the subgroup analyses are listed in the
appendix (supplementary Table 1). Overall, baseline characteristics
were well balanced in the larger subgroups, i.e. pT2, pT3, pT4, pN1,
moderate differentiation grade, distance to the anal verge, and year of
diagnosis. A consistent HR in favour of ACT versus no adjuvant treat-
ment was observed generally across all subgroups examined (Figure 2).
However, the upper limit of 99% CI's crossed 1.0 in the majority of
subgroups.

4. Discussion

In this large retrospective cohort, we have demonstrated an overall
survival benefit for ACT in patients with ¢cNO but pN+ rectal cancer who
have not been treated with preoperative (chemo)radiotherapy.

After decades of clinical research, the role of ACT in rectal cancer
remains unclear. To date, there are no data from randomised phase III
studies supporting the use of ACT in patients treated with neoadjuvant
(chemo)radiation [7]. A Cochrane meta-analysis indicated an overall
survival benefit for adjuvant fluoropyrimidine-based chemotherapy
after surgery alone [1]. The magnitude of benefit was only moderate
(HR=0.83), but more importantly the applicability of its results to cur-
rent clinical practice is very limited. Inter-trial variability was consid-
erable and TME surgery was not routinely implemented in the majority
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No ACT
o AC HR (99% CI)

weighted sample size weighted sample size

Subgroup ACT
pT stage

pT1 53
pT2 15.1
pT3 72
pT4 29.8
pN stage

pN1 59.3
pN2 13.2
Differentiation grade

Good 5
Poor 94.7
Moderate 10.9
Distance to anal verge

0-5cm 5.7
5-10 cm 38.2
>10 cm 104.9
Year of diagnosis

2008-2014 (before new guideline) 63.3
2015-2018 (after new guideline) 12.2

91.4 0.54 (0.10-3.02)
341.5 0.26 (0.07-0.92) —&——
583.2 0.74 (0.44-1.25) — =
41 0.39 (0.16-0.95) —=@——
889.4 0.70 (0.36-1.36) —
173.8 0.48 (0.18-1.30) —a———
o7 1.00 (0.15-6.70)
877 0.75 (0.44-1.26) — e
75.2 0.86 (0.33-2.21)
328.5 0.47 (0.11-1.95)
417.5 0.55(0.23-1.31) —=——
267 0.56 (0.32-0.98) —-—
903.7 0.78 (0.41-1.51) —-
1745 0.48 (0.17-1.33) —=a——
0 05 1 2
HR (99% Cl)

favours ACT | favours no ACT

Fig. 2. Forest plot of overall survival by subgroup after stabilised inverse probability treatment weighting. ACT adjuvant chemotherapy, HR hazard ratio, CI

confidence interval.

of included trials. As a result, the current postoperative rectal cancer
population carries a lower risk of disease recurrence, which may reduce
the impact of ACT on survival for the total population.

The uncertainty regarding the benefit of ACT is reflected by the
varying recommendations in national and international guidelines. The
current ESMO guideline encourages a risk-adapted treatment strategy
[8]. For early and intermediate (which includes cN+ disease for tumours
in the mid- or high rectum) rectal cancers, surgery alone is standard
treatment if a good-quality TME can be assured. However, clinical nodal
staging has shown to be unreliable, even when endoscopic rectal ul-
trasound, CT, and MRI are combined [10,15]. This is one of the main
reasons that the NCCN guideline advocates total neoadjuvant therapy
(TNT), i.e. short or long course (chemo)radiotherapy and 12-16 weeks
of chemotherapy preoperatively, for patients clinically staged as
cT3-4N0, or if the CRM (by MRI) is threatened or involved [9]. TNT is
associated with high rates of pathologically complete responses and
therefore holds the promise of organ preservation if that is a treatment
goal, [16,17] but an overall survival benefit for neoadjuvant chemo-
therapy in ¢NO disease has not been demonstrated. Hence, this approach
carries the risk of substantial overtreatment.

Consistent with previous data, [18] a substantial proportion of pa-
tients in our cohort with ¢cNO disease appeared to be pN+ (21.8%).
Comparing our overall survival results with historic prospective rectal
cancer studies is challenging because studies that investigated ACT and
were conducted after the widespread implementation of TME surgery
included patients who were pretreated with neoadjuvant (chemo)
radiotherapy. A single randomised phase II study showed an overall
survival benefit for adjuvant oxaliplatin-based chemotherapy compared
to fluorouracil monotherapy in a subgroup of patients with ypN2 disease
[19]. These data are not sufficient to recommend ACT for all patients
with (y)pN+ rectal cancer, and highlights the importance of our
population-based study. When we compare our results with the benefit
of adjuvant chemotherapy in stage III colon cancer, we observed a
comparable reduction in the risk of death [20].

The strength of this study is the large sample size and inclusion of all
Dutch patients who underwent TME for rectal cancer within the speci-
fied time period. Data on clinical and pathological N-stage were com-
plete and follow-up for survival times was adequate. Missing data and
differences in baseline characteristics were successfully accounted for

through appropriate statistical methods. Additionally, our findings are
in accordance with a previous retrospective study that included 1466
patients with ¢cT1-2NO but pN+ rectal cancer treated with upfront sur-
gical resection from the American National Cancer Data Base. In this
study, 37% of patients received ACT, 28% adjuvant chemoradiotherapy
and 35% no adjuvant treatment. Both treatments were associated with
an significant overall survival benefit as compared to observation alone
[11].

We also acknowledge some limitations. The retrospective nature of
this study comes with intrinsic limitations. Unobserved variables cannot
be addressed through sIPTW. These include histopathological features
with prognostic value other than pN stage, for example CRM, pT sub-
stage, presence of extranodal deposits or extracapsular extension, lym-
phovascular invasion, EMVI, and perineural invasion [21]. Although
MRI, which was recommended throughout the study period, is accurate
in detecting EMVI, determining the T substage and the distance to the
CRM, the unexpected presence of any of the abovementioned risk factors
postoperatively may have influenced the adjuvant treatment strategy.
Other potentially confounding missing variables are ECOG performance
status, comorbidities, and surgery-related outcomes.

Regarding the clinical implications of our study, a few issues should
be considered. Firstly, a new definition of rectal cancer has been pro-
posed and embraced by the most recent Dutch colorectal cancer
guideline [13,22]. During our study period, no clear definition of the
rectum was provided by the guidelines. The most used pragmatic defi-
nition was < 15 cm from the anal verge, determined by MRI and/or
endoscopy [13]. In a retrospective analysis, the new definition of rectal
cancer, the so-called sigmoid take-off definition, has shown to result in a
reclassification from rectal to sigmoid cancer in 13.1% of patients [23].
In our subgroup analysis, the benefit of ACT is most robust in patients
with a tumour > 10 cm distance to the anal verge, some of whom would
currently qualify as having sigmoid cancer and in whom the benefit of
ACT is well established. However, the HR is comparable for patients
with rectal cancers between 0 and 5 cm and 5-10 cm to the anal verge,
indicating a benefit in all subgroups although subgroup analysis should
be interpreted with caution due to small sample sizes. Secondly, the NCR
does not routinely collect data on local or distant recurrences, and
therefore did not allow us to analyze the effect of ACT on local recur-
rence rates and disease-free survival. However, since many patients
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receiving ACT are being overtreated, either because they are cured by
surgery alone or have disease recurrence despite ACT, overall survival is
generally considered to be the most relevant endpoint for ACT. Thirdly,
the NCR does not routinely register the chemotherapy regimen used,
which hinders us to answer the practical question which regimen to
apply when opting for ACT. Finally, non-operative organ preservation
strategies such as short-course radiotherapy and chemoradiotherapy
with or without transanal endoscopic microsurgery are gaining promi-
nence in patients with early and intermediate rectal cancer [24]. Our
results cannot be extrapolated to such patients who have to undergo
completion TME and are found to have ypN+ disease.

These data warrant prospective evaluation of ACT, but given the
challenges that adjuvant rectal cancer studies faced, randomised phase
III trials investigating ACT with currently available cytotoxic drugs in
rectal cancer should no longer be pursued [25]. A Trials within Cohorts
design (TWiCs) may provide a feasible alternative [26]. Otherwise,
research focus could be shifted to better selecting patients who may
derive most benefit from ACT. For example, patients with colorectal
cancer in whom circulating tumour DNA is detectable after surgery are
associated with a very high risk of recurrence [27]. Studies investigating
ctDNA guided approach in rectal cancer are ongoing
(ACTRN12617001560381). Consensus Molecular Subtypes classifica-
tion may also be a promising biomarker in this respect, but its predictive
and prognostic value has yet to be determined in prospective trials [28].

In conclusion, in this retrospective cohort study we demonstrate that
patients with ¢NO but pN+ rectal cancer treated with upfront surgery
may derive benefit from ACT. Our data support to discuss ACT with ¢cNO
PN+ rectal cancer patients who have been treated with TME surgery
alone.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Johannes J.M. Kwakman: Conceptualization, Methodology,
Formal analysis, Writing — original draft, Writing — review & editing,
Visualization. Marinde J.G. Bond: Methodology, Software, Formal
analysis, Data curation, Writing — review & editing. Ramzi M. Demi-
chelis: Writing — original draft, Writing — review & editing. Miriam
Koopman: Writing — review & editing. Roel Hompes: Writing — review
& editing. Marloes A.G. Elferink: Resources, Data curation, Writing —
review & editing. Cornelis J.A. Punt: Conceptualization, Writing — re-
view & editing, Supervision.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
CJAP has an advisory role for Nordic Pharma. This funding is not related
to the current research. The remaining authors declare no potential
conflicts of interest.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.ejca.2023.113466.

References

[1] Petersen SH, Harling H, Kirkeby LT, Wille-Jgrgensen P, Mocellin S. Postoperative
adjuvant chemotherapy in rectal cancer operated for cure. Cochrane Database Syst
Rev 2012;2012(3):CD004078. https://doi.org/10.1002/14651858.CD004078.
pub2.

[2]

[3]

[4]

(5]

[6]

71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

European Journal of Cancer 197 (2024) 113466

Havenga K, Enker WE, Norstein J, et al. Improved survival and local control after
total mesorectal excision or D3 lymphadenectomy in the treatment of primary
rectal cancer: an international analysis of 1411 patients. Eur J Surg Oncol 1999;25
(4):368-74. https://doi.org/10.1053/€js0.1999.0659.

Bosset JF, Collette L, Calais G, et al. Chemotherapy with preoperative radiotherapy
in rectal cancer. N Engl J Med 2006;355(11):1114-23. https://doi.org/10.1056/
NEJMo0a060829.

Sainato A, Cernusco Luna Nunzia V, Valentini V, et al. No benefit of adjuvant
Fluorouracil Leucovorin chemotherapy after neoadjuvant chemoradiotherapy in
locally advanced cancer of the rectum (LARC): Long term results of a randomized
trial (I-CNR-RT). Radiother Oncol 2014;113(2):223-9. https://doi.org/10.1016/].
radonc.2014.10.006.

Breugom AJ, van Gijn W, Muller EW, et al. Adjuvant chemotherapy for rectal
cancer patients treated with preoperative (chemo)radiotherapy and total
mesorectal excision: a Dutch Colorectal Cancer Group (DCCG) randomized phase
III trial. Ann Oncol 2015;26(4):696-701. https://doi.org/10.1093/annonc/
mdu560.

Glynne-Jones R, Counsell N, Quirke P, et al. Chronicle: results of a randomised
phase I trial in locally advanced rectal cancer after neoadjuvant chemoradiation
randomising postoperative adjuvant capecitabine plus oxaliplatin (XELOX) versus
control. Ann Oncol 2014;25(7):1356-62. https://doi.org/10.1093/annonc/
mdul47.

Breugom AJ, Swets M, Bosset JF, et al. Adjuvant chemotherapy after preoperative
(chemo)radiotherapy and surgery for patients with rectal cancer: a systematic
review and meta-analysis of individual patient data. Lancet Oncol 2015;16(2):
200-7. https://doi.org/10.1016/51470-2045(14)71199-4.

Glynne-Jones R, Wyrwicz L, Tiret E, et al. Rectal cancer: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol 2017;28(suppl_4):
iv22-40. https://doi.org/10.1093/annonc/mdx224.

Benson AB, Venook AP, Al-Hawary MM, et al. Rectal cancer, version 2.2022, NCCN
Clinical Practice Guidelines in Oncology. J Natl Compr Cancer Netw 2022;20(10):
1139-67. https://doi.org/10.6004/jnccn.2022.0051.

Al-Sukhni E, Milot L, Fruitman M, et al. Diagnostic accuracy of MRI for assessment
of T category, lymph node metastases, and circumferential resection margin
involvement in patients with rectal cancer: a systematic review and meta-analysis.
Ann Surg Oncol 2012;19:2212-23. https://doi.org/10.1245/510434-011-2210-5.
Polamraju P, Haque W, Verma V, et al. Adjuvant management of pathologic node-
positive disease after definitive surgery for clinical T1-2 NO rectal cancer. Clin
Colorectal Cancer 2018;17(3):519-30. https://doi.org/10.1016/j.
clcc.2018.04.001.

Akeel N, Lan N, Stocchi L, et al. Clinically node negative, pathologically node
positive rectal cancer patients who did not receive neoadjuvant therapy.

J Gastrointest Surg 2017;21(1):49-55. https://doi.org/10.1007/s11605-016-3301-
1.

D’Souza N, De Neree tot Babberich MP, d’Hoore A, et al. Definition of the rectum:
an international, expert-based Delphi consensus. Ann Surg 2019;270(6):955-9.
https://doi.org/10.1097/SLA.0000000000003251.

Austin PC, Stuart EA. Moving towards best practice when using inverse probability
of treatment weighting (IPTW) using the propensity score to estimate causal
treatment effects in observational studies. Stat Med 2015;34(28):3661-79. https://
doi.org/10.1002/sim.6607.

Bipat S, Glas AS, Slors FJM, Zwinderman AH, Bossuyt PMM, Stoker J. Rectal
cancer: local staging and assessment of lymph node involvement with endoluminal
US, CT, and MR imaging—a meta-analysis. Radiology 2004;232(3):773-83. https://
doi.org/10.1148/radiol.2323031368.

Garcia-Aguilar J, Patil S, Gollub MJ, et al. Organ preservation in patients with
rectal adenocarcinoma treated with total neoadjuvant therapy. J Clin Oncol 2022;
40(23):2546-56. https://doi.org/10.1200/JC0.22.00032.

Petrelli F, Trevisan F, Cabiddu M, et al. Total neoadjuvant therapy in rectal cancer:
a systematic review and meta-analysis of treatment outcomes. Ann Surg 2020;271:
440-8. https://doi.org/10.1097/SLA.0000000000003471.

Guillem JG, Diaz-Gonzalez JA, Minsky BD, et al. cT3NO rectal cancer: potential
overtreatment with preoperative chemoradiotherapy is warranted. J Clin Oncol
2008;26:368-73. https://doi.org/10.1200/JC0.2007.13.5434.

Hong YS, Kim SY, Lee JS, et al. Oxaliplatin-based adjuvant chemotherapy for rectal
cancer after preoperative chemoradiotherapy (ADORE): long-term results of a
randomized controlled trial. J Clin Oncol 2019;37(33):3111-23. https://doi.org/
10.1200/JCO.19.00016.

Sargent D, Sobrero AF, Grothey A, et al. Evidence for cure by adjuvant therapy in
colon cancer: observations based on individual patient data from 20,898 patients
on 18 randomized trials. J Clin Oncol 2009;27(6):872-7. https://doi.org/10.1200/
JCO0.2008.19.5362.

Chand M, Siddiqui MR, Swift I, Brown G. Systematic review of prognostic
importance of extramural venous invasion in rectal cancer. World J Gastroenterol
2016;22(4):1721-6. https://doi.org/10.3748/wjg.v22.i14.1721.

Landelijke Werkgroep Gastro Intestinale Tumoren. Richtlijn Colorectaal
Carcinoom 4.0; 2019. (https://richtlijnendatabase.nl/).

Burghgraef TA, Hol JC, Rutgers ML, et al. Implications of the new MRI-based
rectum definition according to the sigmoid take-off: multicentre cohort study. BJS
Open 2023;7(2):zrad018. https://doi.org/10.1093/bjsopen/zrad018.

Bach SP, Gilbert A, Brock K, et al. Radical surgery versus organ preservation via
short-course radiotherapy followed by transanal endoscopic microsurgery for
early-stage rectal cancer (TREC): a randomised, open-label feasibility study. Lancet
Gastroenterol Hepatol 2021;6(2):92-105. https://doi.org/10.1016/52468-1253
(20)30333-2.


https://doi.org/10.1016/j.ejca.2023.113466
https://doi.org/10.1002/14651858.CD004078.pub2
https://doi.org/10.1002/14651858.CD004078.pub2
https://doi.org/10.1053/ejso.1999.0659
https://doi.org/10.1056/NEJMoa060829
https://doi.org/10.1056/NEJMoa060829
https://doi.org/10.1016/j.radonc.2014.10.006
https://doi.org/10.1016/j.radonc.2014.10.006
https://doi.org/10.1093/annonc/mdu560
https://doi.org/10.1093/annonc/mdu560
https://doi.org/10.1093/annonc/mdu147
https://doi.org/10.1093/annonc/mdu147
https://doi.org/10.1016/S1470-2045(14)71199-4
https://doi.org/10.1093/annonc/mdx224
https://doi.org/10.6004/jnccn.2022.0051
https://doi.org/10.1245/s10434-011-2210-5
https://doi.org/10.1016/j.clcc.2018.04.001
https://doi.org/10.1016/j.clcc.2018.04.001
https://doi.org/10.1007/s11605-016-3301-1
https://doi.org/10.1007/s11605-016-3301-1
https://doi.org/10.1097/SLA.0000000000003251
https://doi.org/10.1002/sim.6607
https://doi.org/10.1002/sim.6607
https://doi.org/10.1148/radiol.2323031368
https://doi.org/10.1148/radiol.2323031368
https://doi.org/10.1200/JCO.22.00032
https://doi.org/10.1097/SLA.0000000000003471
https://doi.org/10.1200/JCO.2007.13.5434
https://doi.org/10.1200/JCO.19.00016
https://doi.org/10.1200/JCO.19.00016
https://doi.org/10.1200/JCO.2008.19.5362
https://doi.org/10.1200/JCO.2008.19.5362
https://doi.org/10.3748/wjg.v22.i4.1721
https://richtlijnendatabase.nl/
https://doi.org/10.1093/bjsopen/zrad018
https://doi.org/10.1016/S2468-1253(20)30333-2
https://doi.org/10.1016/S2468-1253(20)30333-2

J.J.M. Kwakman et al.

[25] Carvalho C, Glynne-Jones R. Challenges behind proving efficacy of adjuvant
chemotherapy after preoperative chemoradiation for rectal cancer. Lancet Oncol
2017;18(6):€354-63. https://doi.org/10.1016/51470-2045(17)30346-7.

[26] Relton C, Torgerson D, O’Cathain A, Nicholl J. Rethinking pragmatic randomised
controlled trials: introducing the "cohort multiple randomised controlled trial"
design. BMJ 2010;340:c1066. https://doi.org/10.1136/bmj.c1066.

[27]

[28]

European Journal of Cancer 197 (2024) 113466

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):507-17. https://doi.org/10.1158/1078-0432.CCR-21-2404.

Ten Hoorn S, De Back TR, Sommeijer DW, Vermeulen L. Clinical value of consensus
molecular subtypes in colorectal cancer: a systematic review and meta-analysis.

J Natl Cancer Inst 2022;114(4):503-16. https://doi.org/10.1093/jnci/djab106.


https://doi.org/10.1016/S1470-2045(17)30346-7
https://doi.org/10.1136/bmj.c1066
https://doi.org/10.1158/1078-0432.CCR-21-2404
https://doi.org/10.1093/jnci/djab106

	Adjuvant chemotherapy in patients with clinically node-negative but pathologically node-positive rectal cancer in the Nethe ...
	1 Introduction
	2 Methods
	2.1 Study design and database
	2.2 Patients
	2.3 Outcomes
	2.4 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Primary outcome
	3.3 Secondary outcomes

	4 Discussion
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A Supporting information
	References


