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Abstract

Aim: Treatment of rectal cancer has improved significantly over the past decades.
However, the role of adjuvant chemotherapy remains a matter of debate. The aim of this
study is to evaluate the association between adjuvant chemotherapy and overall survival
of patients with rectal cancer.

Method: Data from the Netherlands Cancer Registry were used to evaluate all nonmeta-
static pathological node-positive patients who underwent treatment for rectal cancer
during the time period 2009-2020 in the Netherlands. Patients were grouped accord-
ing to whether they received adjuvant chemotherapy. Patients were further divided into
three groups according to the type of preoperative treatment. Propensity score match-
ing (PSM) was applied based on patient-related variables, tumour-related variables and
treatment-related variables. The matching procedure for PSM was done with nearest
neighbour and without replacement employing a 1:1 ratio. Kaplan-Meier analysis was
performed after PSM to compare overall survival.

Results: A total of 7479 patients were included, of whom 865 (11.6%) underwent adjuvant
chemotherapy. After PSM the no neoadjuvant treatment group included 240 patients per
study arm, the neoadjuvant radiotherapy group 317 and the neoadjuvant chemoradia-
tion group 182 patients. A significant difference in 5-year survival was found comparing
adjuvant versus no adjuvant chemotherapy in all subgroups: no neoadjuvant treatment
54.6% vs. 40.8% (p=0.003), neoadjuvant radiotherapy 77.0% vs. 53.9% (p<0.001) and
neoadjuvant chemoradiation 68.1% vs. 45.6% (p <0.001).

Conclusion: Adjuvant chemotherapy was associated with an improved 5-year survival in
all subgroups. The role of adjuvant chemotherapy in the treatment of rectal cancer should

be reconsidered in node-positive patients.
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INTRODUCTION

Adjuvant chemotherapy for colon cancer reduces disease recur-
rence and improves survival and has become standard treatment
for patients with high-risk Stage Il-11l colon cancer [1-3]. It usually
consists of capecitabine and oxaliplatin (CAPOX) or 5-fluorouracil,
leucovorin and oxaliplatin (FOLFOX), which preferably starts within
4-8weeks after surgery [4-6]. Although rectal cancer has histologi-
cal similarities with colon cancer [7], there are substantial differ-
ences in the approach to how we deal with rectal cancer compared
with colon cancer, such as the use of preoperative high-quality MRI,
neoadjuvant (chemo)radiotherapy regimens and total mesorectal
excision (TME)—the standard surgical technique. Currently, there
is no global consensus towards adjuvant chemotherapy treatment
in rectal cancer; for example, the National Comprehensive Cancer
Network in the USA recommends adjuvant chemotherapy in the
treatment of Stage Il rectal cancer [8]. However, the European
Society for Medical Oncology (ESMO) considers the level of sci-
entific evidence low and thus recommends that the decision on
adjuvant chemotherapy should be jointly made by the patient and
clinician [9, 10].

A Cochrane systematic review showed that rectal cancer pa-
tients who were not treated with neoadjuvant (chemo)radiotherapy
benefitted from adjuvant chemotherapy in terms of overall survival
(OS) and disease-free survival (DFS) [11]. However, a meta-analysis
of four trials showed no improvement in OS or DFS [12]. Although
adjuvant chemotherapy in rectal cancer is not recommended by the
Dutch guidelines [13], a recently published survey showed that some
medical oncologists in the Netherlands do offer adjuvant chemo-
therapy to patients with Stage Il rectal cancer [14].

The current understanding of the efficacy of adjuvant chemo-
therapy in the management of nonmetastatic rectal cancer reveals
a discernible knowledge gap pertaining to the impact of adjuvant
chemotherapy on survival. Recently, a retrospective study was pub-
lished regarding the survival benefit in clinically node-negative but
pathologically node-positive patients treated with adjuvant chemo-
therapy. The study focused only on patients who had not received
any preoperative treatment. However, as neoadjuvant treatment is
recommended in a substantial group of patients with rectal cancer,
this patient group should be included in these types of analyses [15].

In this present study we assessed the association between adju-
vant chemotherapy and OS in patients who either underwent neo-
adjuvant treatment (radiotherapy or chemoradiotherapy) or received

no neoadjuvant treatment, using data from a nationwide database.

METHOD
Study design and data collection
Data were retrieved from the nationwide population-based

Netherlands Cancer Registry (NCR). The NCR is notified by the
nationwide registry of histo- and cytopathology (PALGA) [16] of all

What does this paper add to the literature?

The role of adjuvant chemotherapy in the treatment of
rectal cancer remains a matter of debate. This study in-
vestigates the impact of adjuvant chemotherapy on overall
survival in patients with nonmetastatic rectal cancer using
Netherlands Cancer Registry data. Adjuvant chemother-
apy significantly improved 5-year survival across different
preoperative treatment groups. This study suggests a re-
consideration of adjuvant chemotherapy in rectal cancer
treatment, highlighting its potential to enhance survival
outcomes, and addresses ongoing debates about its role

in patient care.

newly diagnosed cancer patients in the Netherlands. Trained data
managers routinely extract data on patient and tumour character-
istics, diagnosis and treatment from medical records in all hospi-
tals in the Netherlands. Survival time could be computed by the
annual linkage of the NCR with data from the nationwide Personal
Records Database, containing information on vital status and date
of death for all Dutch inhabitants. These data were complete up
to 1 February 2023. Tumour stage was recorded according to the
International Union Against Cancer TNM classification (2009, 6th
edition; 2010-2016, 7th edition; 2017 onwards, 8th edition). There
were no relevant differences between the abovementioned TNM
classifications for rectal cancer. The study was designed and re-
ported in accordance with the STROBE checklist to ensure stand-
ardized reporting. This study was approved by the Privacy Review
Board of the NCR and the scientific committee of the Prospective
Dutch ColoRectal Cancer cohort. According to Dutch and European
law the study did not require approval from an ethics committee in
the Netherlands.

Patients

All patients diagnosed between 2009 and 2020 and undergoing sur-
gery for non-metastatic rectal cancer with a pathological nodal stage
of 1 or 2, were evaluated. The following patient- and tumour-related
variables were available: age, sex, vital status (alive or deceased) and
pathological tumour and nodal stage. Other available treatment-
related variables were year of diagnosis, type of surgical procedure
(low anterior resection or abdominoperineal resection), type of neo-
adjuvant treatment and perioperative complications (specifically the
occurrence of anastomotic leakage and abscess).

Patients who had an unknown or missing status in any of the
abovementioned variables were excluded from analysis in order
to adequately match the groups during propensity score matching
(PSM). Patients who were treated with only neoadjuvant chemo-
therapy were also excluded from analysis due to low patient num-
bers. All patients who died in the first 6months after diagnosis
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(n=449, 5.7%) were excluded from analysis in order to correct for
the treatment period. This included 193 who did not undergo any
neoadjuvant treatment, 220 who underwent radiotherapy and 36

who underwent chemoradiation.

Statistical analysis

Baseline characteristics were described and reported as median
(interquartile range, IQR) for continuous data and frequency (per-
centage) for categorical data. Trend analysis was performed using
the Cochran-Armitage test. Differences between the adjuvant
chemotherapy group versus the control group were assessed with
a chi-square test or independent t-test. For the survival analysis the
follow-up time was calculated from 6 months after diagnosis until
date of death or the end of the follow-up (1 February 2023). Kaplan-
Meier analyses were performed to present survival data.

Propensity score matching

There were three patient subgroups (i.e. no neoadjuvant treat-
ment, neoadjuvant radiotherapy, neoadjuvant chemoradiother-
apy). The type of neoadjuvant radiotherapy was not available in
the NCR for the majority of the study period, but according to the
Dutch guidelines consisted of 5x5 Gy short-course radiotherapy
in 1week. Chemoradiation usually consists of 25x2Gy short-
course radiotherapy with concomitant capecitabine according to
our guidelines [17]. PSM was used according to a logistic regres-
sion model to create two equally balanced groups for adjuvant
chemotherapy versus no adjuvant chemotherapy. The following
case-mix variables were addressed: patient-related variables (age,
gender, year of diagnosis), tumour-related variables (pathological
tumour and nodal stage) and treatment-related variables (type of
surgical procedure, neoadjuvant treatment, anastomotic leakage).
The matching procedure for PSM was done with nearest neigh-
bour and without replacement employing a 1:1 ratio. The chi-
square test was used to check whether the groups were balanced
before PSM. After PSM, standardized mean difference (SMD) was
calculated to assess covariate balance between groups after PSM.
Comparison between the two groups after PSM was done with
log-rank tests.

Outcomes

The primary objective of this study was to assess overall 5-year sur-
vival rates as the primary outcome measure. Kaplan-Meier curves
were employed to analyse these survival outcomes.

A p-value of <0.05 was considered statistically significant. A
SMD <0.1 was considered to indicate sufficient balance. Analyses
were performed in SPSS 28.0 Statistics for Windows (IBM Corp.,
Armonk, NY).

o
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FIGURE 1 Percentage of rectal patients who received adjuvant
treatment over the years.

RESULTS

The baseline characteristics of all patients are shown in Table S1. A
total of 7479 patients who underwent surgery for rectal cancer in
the period between 2009 and 2020 and were diagnosed with patho-
logically positive nodal disease [(y)pN1, n=5549; (y)pN2, n=1930]
were included, as shown in supplementary flowchart 1. Of these,
865 patients were treated with adjuvant chemotherapy (11.6%).
Most patients (=744, 86.0%) received adjuvant treatment before
2017, showing a significant decrease in adjuvant chemotherapy over
the years in the Netherlands (Figure 1; p<0.001). A total of 1966
patients did not receive any neoadjuvant treatment, of whom 319
did receive adjuvant chemotherapy. A total of 3020 patients were
treated with neoadjuvant radiotherapy, of whom 356 received adju-
vant chemotherapy. The other 2493 patients received neoadjuvant

chemoradiation, of whom 190 received adjuvant chemotherapy.

Patients with rectal cancer without neoadjuvant
treatment

The baseline characteristics of the patients who did not undergo
neoadjuvant treatment (n=1966) are shown in Table 1. A total of
319 (16.2%) patients underwent adjuvant chemotherapy. After PSM,
240 of 319 (75.2%) patients who underwent adjuvant chemotherapy
could be matched to 240 patients without adjuvant therapy. In the
PSM sample there were no significant differences between the two
groups.

Median follow-up was 65months (IQR 57-73months) in the
adjuvant chemotherapy group and 47 months (IQR 39-55months)
in the control group. Figure 2A shows the survival curves of both
groups after PSM. The OS rate was significantly greater in the pa-
tients treated with adjuvant chemotherapy. The 5-year OS rate was
respectively 54.6% (95% Cl 48.3%-60.9%) versus 40.8% (95% ClI
34.6%-47.1%) (p=0.003).
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TABLE 1 Patient, tumour and treatment characteristics of rectal cancer patients who were not treated with neoadjuvant therapy, before

and after propensity score matching (PSM).

Before PSM After PSM

No adjuvant Adjuvant

systemic systemic No adjuvant Adjuvant
therapy therapy systemic therapy systemic therapy

Group (N=1647,n (%)

(N=319),n(%) SMD

(N=240), n (%) (N=240), n (%) SMD

Patient characteristics

Age (years) 0.563 0
<60 324 (19.7) 112(35.1) 72 (30.0) 72 (30.0)
61-70 540 (32.8) 135 (42.3) 104 (43.3) 104 (43.3)
71-80 541(32.8) 65 (20.4) 58(24.2) 58(24.2)
>80yrs 242 (14.7) 7(2.2) 6(2.5) 6(2.5)

Sex -0.062
Male 1028 (62.4) 189 (59.2) 156 (65.0) 156 (65.0)
Female 619 (37.6) 130 (40.8) 84 (35.0) 84 (35.0)

Year of 0.577

diagnosis 2009-2012 158 (9.6) 99 (31.0) 52(21.7) 52(21.7)
2013-2016 708 (43.0) 125 (39.2) 107 (44.6) 107 (44.6)
2017-2020 781 (47.4) 95(29.8) 81(33.8) 81(33.8)

Tumour characteristics

(Y)pT stage -0.300
(y)pTO- (y)pT2 663 (40.3) 90(28.2) 71(29,6) 71(29,6)
(y)pT3 914 (55.6) 191 (60.1) 155 (64.6) 155 (64.6)
(y)pT4 68 (4.1) 37 (11.6) 14 (5.8) 14 (5.8)

(v)pN stage -0.418
(y)pN1 1339 (81.3) 203 (63.6) 159 (66.3) 159 (66.3)
(y)pN2 308 (18.7) 116 (36.4) 81(33.8) 81(33.8)

Treatment characteristics

Type of surgery 0.386
(Low) anterior 1347 (81.8) 305 (95.6) 229 (95.4) 229 (95.4)
resection
Abdominoperineal 300 (18.2) 14 (4.4) 11 (4.6) 11 (4.6)
resection

Anastomotic 0.444

complications N jeakage or abscess 1082 (65.7) 272 (85.3) 145 (60.4) 145 (60.4)
Leakage and/or 169 (10.3) 25(7.8) 61(8.2) 61(8.2)
abscess
Not applicable? 396 (24.0) 22 (6.9) 34 (4.6) 34 (4.6)

Abbreviation: SMD, standardized mean difference.
“Not applicable due to having a deviating stoma.

Patients with rectal cancer who underwent
neoadjuvant radiotherapy

The baseline characteristics of the patients who underwent
neoadjuvant radiotherapy (n=3020) are shown in Table 2. A
total of 356 (12.1%) patients with rectal cancer underwent
adjuvant chemotherapy. After PSM, 317 of the 356 (86.8%)

patients remained for further analyses without significant dif-
ferences between the adjuvant versus no adjuvant chemother-
apy groups.

Median follow-up was 104 months (IQR 110-124 months) in the
adjuvant group and 80 months (IQR 55-80months) in the group not
treated with adjuvant therapy. Figure 2B shows the survival curves

for both groups. The OS rate was significantly greater in the patients
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FIGURE 2 Kaplan-Meier curve for rectal cancer patients
who (A) were not treated with neoadjuvant therapy, (B) were
treated with neoadjuvant radiotherapy or (C) neoadjuvant
chemoradiotherapy after propensity score matching comparing
adjuvant systemic therapy versus the control group.

treated with adjuvant chemotherapy. The 5-year OS rate was, re-
spectively, 77.0% (95% Cl 72.3%-81.6%) versus 53.9% (95% ClI
48.4%-59.4%) (p <0.001).

Patients with rectal cancer who underwent
neoadjuvant chemoradiotherapy

Table 3 shows the baseline characteristics for rectal cancer patients
who underwent neoadjuvant chemoradiotherapy (n=2493), of
whom 190 (7.6%) were treated with adjuvant chemotherapy. After
PSM, 182 of 190 (95.8%) patients were well balanced without sig-
nificant differences between the two groups.

The median follow-up was 99 months (IQR 86-111 months) in the
adjuvant group and 51 months (IQR 41-61 months) in the group who
were not treated with adjuvant therapy. Figure 2C shows the sur-
vival curves for both groups. The OS rate was significantly greater

in the patients treated with adjuvant chemotherapy. The 5-year
survival rate was respectively 68.1% (95% Cl 61.3%-74.9%) versus
45.6% (95% Cl 38.3%-52.9%) (p <0.001).

DISCUSSION

In this retrospective cohort study of a Dutch nationwide registry
the impact of adjuvant chemotherapy in the treatment of patients
with nonmetastatic rectal cancer was investigated. A significant
5-year survival benefit was demonstrated in all patient subgroups,
regardless of preoperative treatment (neoadjuvant radiotherapy,
chemoradiation or no neoadjuvant treatment). The role of adjuvant
chemotherapy in rectal cancer patients has been an ongoing matter
of debate, unlike in colon cancer where adjuvant chemotherapy is
considered standard treatment in high-risk Stage Il and Il disease
[18-20]. A few European randomized controlled trials (RCTs) have
been performed in the past, all showing no significant difference in
survival in patients treated with neoadjuvant therapy [21-23]. Of
these, however, the PROCTOR-SCRIPT trial closed prematurely be-
cause of slow patient accrual. A meta-analysis of this trial, together
with three other randomized phase Il studies [23-25], showed no
improvement in OS or DFS [12]. Examining the results of the EORTC
22921 randomized study, less than 43% of the patients in the ad-
juvant chemotherapy group received the full treatment in the pre-
scribed timeframe; therefore, conclusions regarding OS and DFS
could be considered unreliable.

More recently, the results of the international, multicentre phase
Il RAPIDO trial also failed to demonstrate a difference in disease-
related treatment failure, but several remarks need to be made. First,
patients were not randomized for treatment with or without adju-
vant chemotherapy after previous chemoradiation therapy or short-
course radiotherapy followed by systemic CAPOX or FOLFOX.
Second, it should be considered that the benefit of adjuvant chemo-
therapy was not a primary endpoint. Third, the study was not pow-
ered for this specific aspect [26].

In a Cochrane review from 2012, data were analysed from 21
RCTs comparing adjuvant chemotherapy versus observation in
rectal cancer patients who were not treated with neoadjuvant
(chemo)radiotherapy. In this review the investigators described that
5-fluorouracil-based postoperative chemotherapy improved OS by
17% and DFS by 25% [11]. In all trials patients were treated with
radical rectal surgery, preceded or not by preoperative radiotherapy
and randomized for adjuvant chemotherapy. A limitation of these
trials was that the role of neoadjuvant treatment was not addressed,
while neoadjuvant therapy is standard care for many rectal cancer
patients.

Comparison of previously mentioned clinical studies yields no
definitive conclusion regarding the role of adjuvant chemotherapy.
However, adjuvant chemotherapy is still advised in many US and
European guidelines. Currently, the ESMO recommends fluoropy-
rimidine alone or combined with oxaliplatin when considering adju-
vant chemotherapy in Stage Il rectal cancer [27], demonstrating the
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TABLE 2 Patient, tumour, and treatment characteristics of rectal cancer patients who were treated with neoadjuvant radiotherapy,
before and after propensity score matching (PSM).

Group

Before PSM

After PSM

No adjuvant
systemic therapy

Adjuvant systemic
therapy (N=2356),

No adjuvant
systemic therapy

Adjuvant
systemic therapy

(N=2664), n (%) n (%) SMD (N=317),n (%) (N=317),n (%) SMD
Patient characteristics
Age (years) 0.711 0
<60 595(22.3) 169 (47.5) 139 (43.8) 139 (43.8)
61-70 904 (33.9) 134 (37.6) 129 (40.7) 129 (40.7)
71-80 848 (31.8) 53(14.9) 49 (15.5) 49 (15.5)
>80 317 (11.9) 0
Sex 0.021
Male 1679 (63.0) 229 (64.3) 204 (64.4) 204 (64.4)
Female 985 (37.0) 127 (35.7) 113 (35.6) 113 (35.6)
Year of 0.837
diagnosis 2009-2012 908 (34.1) 270 (75.8) 243 (76.7) 243 (76.7)
2013-2016 1049 (39.4) 68(19.1) 61(19.2) 61(19.2)
2017-2020 707 (26.5) 18(5.1) 13 (4.1) 13(4.1)
Tumour characteristics
(y)pT stage -0.125
(y)pTO- (y)pT2 818 (30.7) 93 (26.1) 84 (25.5) 84 (25.5)
(y)pT3 1753 (65.9) 236 (66.9) 221 (69.7) 221(69.7)
(y)pT4 88(3.3) 24 (6.8) 12 (3.8) 12(3.8)
(Y)pN stage -0.402
(y)pN1 1962 (73.6) 199 (55.9) 197 (62.1) 197 (62.1)
(y)pN2 702 (26.4) 157 (44.1) 120 (37.9) 120 (37.9)
Treatment characteristics
Type of 0.262
surgery (Low) anterior 2012 (75.5) 309 (86.8) 279 (88.0) 279 (88.0)
resection
Abdominoperineal 652 (24.5) 47 (13.2) 38(12.0) 38(12.0)
resection
Anastomotic 0.470
complications  \, |eakage or 1795 (67.4) 305 (85.7) 274 (86.4) 274 (86.4)
abscess
Leakage and/or 347 (13.0) 44 (12.4) 38(12.0) 38(12.0)
abscess
Not applicable® 522 (19.6) 7(2.0) 5(1.6) 5(1.6)

Abbreviation: SMD, standardized mean difference.

“Not applicable due to having a deviating stoma.

requirement for additional research regarding the value of adjuvant
chemotherapy after neoadjuvant treatment and surgery.

The strength of this study is that we used a PSM to balance
patient-, tumour- and treatment-related confounders. Fortunately,
PSM gave approximately 75%-96% of the patients who underwent
adjuvant chemotherapy a match in our three PSMs. The fact that
we used anastomotic leakage as a variable in the propensity score
analysis further strengthens the study. Anastomotic complications
are associated with poor survival rates in both rectal and colon

cancer [28-30]. Furthermore, the occurrence of anastomotic com-
plications may reduce the likelihood of a patient receiving adjuvant
chemotherapy, as these complications can lead to a less favourable
clinical condition. We also included year of diagnosis in the PSM to
adjust for the proportion of patients in this cohort who received
adjuvant chemotherapy earlier, which was higher than in recent
years. Another strength is the exclusion of patients who died within
6months after diagnosis. This leads to more accurate associations
between treatment and survival, as only patients who completed the
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TABLE 3 Patient, tumour and treatment characteristics of rectal cancer patients who were treated with neoadjuvant chemoradiotherapy,

before and after propensity score matching (PSM).

Group Before PSM

After PSM

No adjuvant

systemic Adjuvant systemic No adjuvant Adjuvant systemic
therapy therapy (N=190), systemic therapy therapy (N=182),
(N=2303),n (%) n(%) SMD (N=182), n (%) n (%) SMD
Patient characteristics
Age (years) 0.347 0
<60 932 (40.5) 106 (55.8) 101 (55.5) 101 (55.5)
61-70 800 (34.7) 57 (30.0) 56(30.8) 56 (30.8)
71-80 512 (22.2) 27 (14.2) 25(13.7) 25(13.7)
>80 59 (2.6) 0
Sex 0.123
Male 1405 (61.0) 128 (67.4) 124 (68.1) 124 (68.1)
Female 898 (39.0) 62 (32.6) 58 (31.9) 58(31.9)
Year of 1.026
diagnosis 2009-2012 580 (25.2) 141 (74.2) 136 (74.7) 136 (74.7)
2013-2016 1023 (44.4) 41 (21.6) 40(22.0) 40 (22.0)
2017-2020 700 (30.4) 8(4.2) 6(3.3) 6(3.3)
Tumour characteristics
(y)pT stage -0.052
(y)pTO- (y)pT2 646 (28.1) 47 (24.7) 43(23.6) 43(23.6)
(y)pT3 1511 (65.6) 134 (70.5) 132 (72.5) 132(72.5)
(y)pT4 146 (6.3) 9(4.7) 7(3.8) 7(3.8)
(y)pN stage -0.366
(y)pN1 1733 (75.2) 113 (59.5) 113 (62.1) 113 (62.1)
(y)pN2 570 (24.8) 77 (40.5) 69 (37.9) 69 (37.9)
Treatment characteristics
Type of 0.209
surgery (Low) anterior 1461 (63.4) 138 (72.6) 131(72.0) 131(72.0)
resection
Abdominoperineal 842 (36.6) 52(27.4) 51(28.0) 51(28.0)
resection
Anastomotic 0.546
complications N jeakage or 1408 (61.1) 165 (86.8) 162 (89.0) 162 (89.0)
abscess
Leakage and/or 258(11.2) 12 (6.3) 9(4.9) 9(4.9)
abscess
Not applicable® 637 (27.7) 13(6.8) 11 (6.0) 11 (6.0)

Abbreviation: SMD, standardized mean difference.
@Not applicable due to having a deviating stoma.

period of treatment were included. This landmark analysis excluded
449 patients (5.7%) who died early, and the survival of the surgery
only group especially increased as such, resulting in better repre-
sentation of this patient group. Lastly, pathological tumour nodal
staging was used instead of clinical tumour and nodal staging, en-
abling the selection of the appropriate patient group for potentially
adjuvant chemotherapy. In the USA, for example, clinical staging is
used to determine whether patients receive additional therapy after

surgery, potentially overtreating patients who are downstaged after
preoperative treatment.

Lastly, the distinction made between the three different neoad-
juvant treatment groups in comparison with adjuvant treatment and
no postoperative treatment constitutes a notable strength within
the framework of this study. Previous research demonstrated an im-
proved RFS only in patients treated with preoperative radiotherapy
or no neoadjuvant treatment at all [31].
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This study also has some limitations. Although we used PSM, in-

formation on performance status, comorbidities and type of adjuvant
therapy for the patients was unfortunately not available. Patients
who undergo adjuvant chemotherapy are usually in a relatively good
clinical condition (ECOG) and have fewer comorbidities [32, 33]. Not
taking into consideration the abovementioned elements could possi-
bly provide a skewed overview of the clinical conditions of patients
included in our cohort. An important nuance regarding the included
population is that all patients underwent surgery, indicating they
were at least sufficiently fit enough to successfully undergo TME.
A second limitation concerning PSM is that we did not account for
tumour location (distance to the anal verge). Recently, the definition
of rectal cancer has changed because of wide global variation in the
definition of the rectum [34]. Currently, the international consensus
definition for the rectum is an anatomical landmark called the sigmoid
take-off as seen on a MRI or CT. Preoperative treatment schedules
are different for rectal and sigmoid cancer and depend largely on
these definitions. Unfortunately, research has shown that the sigmoid
take-off varies in distance from the anal verge amongst patients [35].
Thus, because of this change, some of the included rectal cancers
could now be categorized as sigmoid cancer. The effect on OS of
adjuvant chemotherapy has already been proven in sigmoid cancer,
which could also partly account for the differences in OS [18-20].
Lastly, while our retrospective cohort study provides valuable in-
sights, we acknowledge the presence of potential biases, particularly
selection bias. Although we have attempted to mitigate these biases
by using PSM, it is essential to interpret the results with an under-

standing of the inherent limitations.

CONCLUSION

In this retrospective cohort study of a Dutch nationwide registry
we conclude that patients with node-positive rectal cancer, regard-
less of their preoperative treatment, could benefit from adjuvant
chemotherapy in terms of 5-year OS. Considering the previously
mentioned limitations of the present study and the limited number
of RCTs concerning adjuvant chemotherapy in patients with rectal
cancer, further research is needed to establish the role of adjuvant

chemotherapy in the multimodal treatment of rectal cancer.
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