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Abstract

Introduction: Although optimising rectal cancer treatment has reduced local recurrence
rates, many patients develop distant metastases (DM). The current study investigated whether
a total neoadjuvant treatment strategy influences the development, location, and timing of
metastases in patients diagnosed with high-risk locally advanced rectal cancer included in

the RAPIDO trial.

Material and methods: Patients were randomly assigned to short-course radiotherapy
followed by 18 weeks of CAPOX or FOLFOX4 before surgery (EXP), or long-course
chemoradiotherapy with optional postoperative chemotherapy (STD). Assessments for
metastatic disease were performed pre- and post-treatment, during surgery, and 6, 12, 24, 36,
and 60 months postoperatively. From randomisation, differences in the occurrence of DM

and first site of metastasis were evaluated.

Results: In total, 462 patients were evaluated in the EXP and 450 patients in the STD groups.
Cumulative probability of DM at 5 years after randomization was 23% [95%CI 19-27] and
30% [95%CI26-35] (HR 0.72 [95%CI 0.56-0.93];P=0.011) in the EXP and STD, respectively.
Median time to DM was 1.4 (EXP) and 1.3 years (STD). After diagnosis of DM, median
survival was 2.6 years [95%CI 2.0-3.1] in the EXP and 3.2 years [95%CI 2.3-4.1] in the STD
groups (HR 1.39 [95%CI 1.01-1.92];P=0.04). First occurrence of DM was most often in
the lungs (60/462 (13%) EXP and 55/450 (12%) STD) or the liver (40/462 (9%) EXP and
69/450 (15%) STD). A hospital policy of postoperative chemotherapy did not influence the

development of distant metastases.
Conclusions: Compared to long-course chemoradiotherapy, total neoadjuvant treatment
with short-course radiotherapy and chemotherapy significantly decreased the occurrence of

metastases, particularly liver metastases.

Trial registration: EudraCT, 2010-023957-12, and ClinicalTrials.gov, NCT01558921

Keywords: rectal cancer, total neoadjuvant therapy, distant metastases, metastatic pattern
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Introduction

Treatment of locally advanced rectal cancer (LARC) has evolved during the past decades.
Irradiation has shifted from postoperative to preoperative, leading to fewer local recurrences.
(1, 2) The effectiveness of short-course radiotherapy has been demonstrated next to long-
course radiotherapy.(3-5) Moreover, the addition of chemotherapy to radiotherapy has proven
to be effective in further reducing local recurrence rates in more advanced tumours but it
has not improved survival except possibly in the most LARCs.(6-8) Improved preoperative
imaging has contributed in selecting patients for neoadjuvant treatment. Moreover, due to
improvements in surgical technique, local recurrence is no longer a major problem after
treatment of LARC. In contrast, up to 30-40% of the patients still develop distant metastases
(DM).(9, 10)

The RAPIDO trial enrolled patients diagnosed with LARC including at least one high-
risk criterion. A decrease in the probability of disease-related treatment failure at 3 years
from 30% to 24% after treatment with preoperative short-course radiotherapy followed by
chemotherapy compared to preoperative long-course chemoradiotherapy and optional
postoperative chemotherapy was demonstrated.(11) Although this difference could mainly
be attributed to fewer DM in the experimental group, no improvement in overall survival was
observed after a median follow-up of 4.6 years.

The current study aims to investigate whether a total neoadjuvant treatment strategy
influences the development, location and timing of DM and the prognosis thereafter in
patients diagnosed with high-risk LARC included in the RAPIDO trial after a median follow-
up of 5.6 years.

Material and methods

Study population and design
The RAPIDO trial is an investigator-driven, international, open-label, phase III, randomized
trial. The design, inclusion and exclusion criteria and results of the primary endpoint were
published previously. (11) Eligible patients had non-metastasized locally advanced rectal
cancer fulfilling at least one high-risk criteria on pelvic MRI (clinical tumour stage T4, clinical

nodal stage N2, extramural vascular invasion (EMVI+), involved mesorectal fascia (MRF+),
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or enlarged lateral lymph nodes) indicating high risk of failing locally and/or systemically.
Between June 21, 2011, and June 2, 2016, 920 patients were assigned to either short-course
radiotherapy (5x5 Gy), followed by six cycles of CAPOX or nine cycles of FOLFOX4 and
surgery after a recovery period of two to four weeks (n=462, experimental group) or long-
course radiotherapy (28-25 x 1.8-2.0 Gy) with concurrent capecitabine, followed by surgery
after eight + two weeks (n=450, standard-care group). Administration of postoperative
chemotherapy in the standard-care group was allowed when recommended by the hospitals’
local policy. The RAPIDO trial was carried out in accordance with the Good Clinical Practice
guidelines and the Declaration of Helsinki. After central evaluation and approval by the
medical ethics committee of University Medical Center Groningen, the boards of directors or
local ethics committees of all participating centres approved the protocol. The RAPIDO trial
is registered with EudraCT (2010-023957-12) and ClinicalTrials.gov (NCT01558921).

Evaluation of the primary tumour and during follow-up
Pre-treatment screening included CEA, CT thorax-abdomen-pelvis and an MRI of the pelvis.
Re-staging before surgery was mandatory (in the experimental group 1-2 weeks after the last
chemotherapy cycle; in the standard-care group 2-3 weeks prior to planned surgery). After
surgery, a standardised, minimal follow-up schedule was defined, with clinical assessments at
6, 12, 24, 36, and 60 months postoperatively, including CEA measurement. A chest x-ray and
liver ultrasound or CT of thorax and abdomen were required at least at 12 and 36 months.
Evidence of recurrent disease was accepted in case of positive histology or cytology, or with
metastases on ultrasound, X-ray, (PET)CT, bone-scintigraphy and/or pelvic pathology
on PET. Distant metastses were defined as relapse of the tumour outside the pelvic region.
Analyses were based on information from the case report forms and corresponding copies
of imaging and/or pathology reports in which the first occurrence of DM was documented.
Type of imaging modality used all involved subsites at that assessment, and treatment of the

metastases were recorded.

Statistical analyses

The reverse Kaplan-Meier method was used for the calculation of median follow-up.
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Proportions were compared with chi-square tests. Survival analyses were performed on an
intention-to-treat basis. For calculation of the cumulative incidence of DM, competing risks
analyses were performed with death as competing risk. For calculation of the cumulative
incidence of different sites of DM competing risks analyses were also performed, with
time as the time of the first occurrence of distant metastasis, death or last follow-up, and
the different sites of DM (liver-only, lung-only, liver+lung, other), and death as competing
risks. Patients alive and DM-free at last follow-up were censored. A Cox proportional hazards
regression, with the time-interval of DM after randomization as a continuous variable (in
years), was performed to investigate the influence of time of first occurrence of DM on
subsequent survival. Patients with locoregional failure prior to the diagnosis of DM were
excluded when calculating the risk of developing locoregional failure after the diagnosis of
DM. Locoregional failure and DM diagnosed within 90 days of each other were considered
to occur synchronously. HRs and 95% confidence intervals (CI) were computed using Cox
regression (for competing risks analyses based on the cause-specific hazards). Violation of the
proportional hazards assumption was checked by visual inspection. P-values were calculated
based on (cause-specific) log-rank tests.(12, 13) Univariate Cox regressions were performed
to investigate the influence of baseline characteristics on the development of DM. Variables
with a p-value <0.10 were included in a multivariate Cox regression, with the exception of
‘number of high-risk criteria’ as the high-risk criteria were already included in the multivariate
analyses. Subgroup analyses of the effect of treatment on associations between prognostic
factors of DM and the development thereof were performed and presented in a forest plot.
The significance threshold for all P-values was 0.05. All analyses were performed using IBM

SPSS Statistics version 25.0 or ‘R’ version 4.0.1.

Results

Clinical characteristics of eligible patients are demonstrated in table 1. At the time of analyses

(data lock: 11March, 2022), median follow-up was 5.6 years (IQR 5.4-7.5).

Distant metastases

At 5 years after randomization the cumulative probability of DM was 23% [95%CI 19-27]
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Table 1 Clinical characteristics

All eligible patients
Experimental Standard-care
(n = 462) (n = 450)

Gender

Male 300 (65%) 312 (69%)

Female 162 (35%) 138 (31%)
Age at randomization (years)

(median, range) 62 31-83 62 23-84
High-risk criteria *

cT4 149 (32%) 139 (31%)

N2 318 (69%) 314 (70%)

enlarged lateral nodes 70 (15%) 74 (16%)

EMVI + 166 (36%) 151 (34%)

MREF + 311 (67%) 312 (69%)
Number of high-risk criteria per patient *

None 2 (<1%) - -

1 132 (29%) 136 (30%)

2 166 (36%) 155 (34%)

3 107 (23%) 106 (24%)

4 46 (10%) 39 (9%)

5 9 (2%) 14 (3%)
Distance from anal verge on endoscopy

<5cm 103 (22%) 114 (25%)

5-10cm 181 (39%) 153 (34%)

>10 cm 146 (32%) 152 (34%)

Unknown 32 (7%) 31 (7%)

Treated in a hospital with a policy for postoperative chemotherapy (standard-care group)
Yes - - 265 (59%)
No - 185 (41%)
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Continuation Table 1 Clinical characteristics

All eligible patients
Experimental Standard-care
(n = 462) (n = 450)
Number of postoperative chemotherapy courses (standard-care group)

None, no hospital policy 183 (41%)
None, despite hospital policy - - 80 (18%)
1-3 - 65 (14%)
>4 - - 122 (27%)

Data are n (%), unless otherwise indicated. Percentages might not equal 100% due to rounding. * MRI defined,

according to radiology reports. ¥ Two patients without a hospital policy are also included.

and 30% [95%CI 26-35] in the experimental and standard-care groups, respectively (HR 0.72
[95%CI 0.56-0.93];P=0.011, figure 1A). Median time from randomization to the diagnosis
of DM was 1.4 years (IQR 0.9-2.5) in the experimental group and 1.3 years (IQR 0.5-2.2) in
the standard-care group. The moment of diagnosis of the first appearance of DM is described
in table 2. From diagnosis of DM, patients in the experimental group had a worse prognosis
than those in the standard-care group (HR 1.39 [95%CI 1.01-1.92];P=0.04) with a median
survival of 2.6 years [95%CI 2.0-3.1] and 3.2 years [95%CI 2.3-4.1], respectively, figure 1B. A
hospital policy of postoperative chemotherapy in the standard-care group did not influence
the development of DM (Supplementary Figure A). Table 3 describes the occurrence of DM
and locoregional failure in relation to each other. Supplementary Figure B contains additional
information on the timing of development of DM and/or locoregional failure. At 5 years
the cumulative probability of developing locoregional failure synchronously or after being
diagnosed with DM was 25% [95%CI 15-35] in the experimental group and 13% [95%CI
7-19] in the standard-care group (HR 2.02 [95%CI 1.07-3.81];P=0.03). The cumulative
probability of disease-related treatment failure at five years was 28% [95%CI 24-32] in the
experimental group and 34% [95%CI 30-38) in the standard-care group (HR 0.79 [95%CI
0.63-1.00];P=0.048. Overall survival of all eligible patients in the RAPIDO trial at 5 years was
82% [95%CI 78-85] for the experimental group and 80% [95%CI 77-84] for the standard-care
group (HR 0.91 [95%CI 0.70-1.19];P=0.50). For all analyses, visual inspection showed no

evidence of violation of the proportional hazards assumption.
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Figure 1 The risk of distant metastases (A) and survival after diagnosis of metastases (B).
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First metastasized organ-site

In the experimental and standard-care groups, 73% (81/111) and 78% (109/139) of patients
were initially diagnosed with DM in one organ-site, 22% (24/111) and 17% (23/139) had DM
in two organ-sites, and 5% (6/111) and 5% (7/139) in 3-6 organ-sites, respectively (P=0.58).

DM were most often located in the liver or the lungs (figure 2,3). In the experimental group,
9% (40/462) of patients were diagnosed with liver metastases compared to 15% (69/450) of
patients in the standard-care group (P=0.002). Lung metastases were equally common in
both groups, 13% (60/462) in the experimental group and 12% (55/450) in the standard-
care group (P=0.73). Survival after lung-only versus liver-only metastases was not statistically
significantly different, stratified for treatment group or for the treatment groups combined
(Supplementary Figure C). Tumour level did not influence first metastatic organ-site

(Supplementary Table A).

Treatment of distant metasases
Of the patients with DM, 46% (51/111) and 52% (72/139) underwent surgery for metastatic
disease (P=0.36), 14% (15/111) and 16% (22/139) received radiotherapy (P=0.61), 45%
(50/111) and 58% (81/139) received chemotherapy (P=0.037), and 6% (7/111) and 9%
(12/139) received other or no treatment (P=0.49) in the experimental and standard-care
groups, respectively. Treatment according to the location of DM is displayed in table 4 (in

more detail, Supplementary Table B).

Prognostic factors for the development of distant metastases
Treatment group, all high-risk criteria except cT4, and the total number of high-risk criteria
were associated with the development of DM. In the multivariate analyses, treatment group,
EMVI+, cN2 and MRF+ were statistically significant (table 5). No interaction between risk

factors and treatment groups could be demonstrated (figure 4).

Discussion
The RAPIDO trial demonstrates that short-course radiotherapy followed by chemotherapy

before surgery decreases the cumulative probability of DM at five years to 23% compared to
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30% after chemoradiotherapy before surgery and optional postoperative chemotherapy in
patients with LARC who are considered to have a high risk of systemic recurrence. Median
time to appearance of DM was the same and median survival after DM was six months longer
in the standard-care group than in the experimental group (3.1 vs 2.6 years, p=0.04).The

decrease in DM is mainly caused by a reduction in liver-only metastases.

The appearance of distant metastases
As reported earlier from the RAPIDO trial, compliance with systemic chemotherapy was
increased when this was delivered pre-operatively.(14) With the TNT approach, the intended
dose of chemotherapy could be given to more patients resulting in a lower DM rate. In colon
cancer, an early start of adjuvant chemotherapy is more effective than starting more than
10 weeks after surgery, the latter negatively impacts disease-free survival.(15) By bringing
forward chemotherapy as part of a TNT in rectal cancer, micrometastases, when susceptible
to chemotherapy, can be combatted earlier in the treatment process, preventing development
of detectable metastases. This is supported by our finding that DM were more often diagnosed
during re-staging in the standard-care group than in the experimental group, where restaging
was after a longer interval. The follow-up schedule after surgery was standardised leading to
clear increases of DM at set times. Merely postponement of DM does not seem to be the case

as median time to DM is comparable between treatment groups.

Decrease in liver metastases
It is unknown why neoadjuvant chemotherapy appears more effective in decreasing liver
metastases than lung metastases in the RAPIDO trial. The literature is not unequivocal
regarding the most common metastasised organ in rectal cancer. Some studies have reported
the liver as most common metastasized organ(16), other retrospective and prospective single-
centre studies have reported the lungs as the most common metastasized organ-site.(17, 18)
However, this finding may be explained by the inclusion of mostly mid-, and lower rectal
cancers in those studies.(17, 19-21) Tumour height did not influence first-metastasised organ-
site in the RAPIDO trial as distance from the anal verge was equal between the treatment

groups (supplementary table A).
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Table 2 Moment for the diagnosis of the first appearance of distant metastases

All patients
Experimental Standard-care ~ P-value
(n =462) (n = 450)
0.040
Before start of treatment * 0 (0%) 5 (1%)
At restaging after the end of the
neoadjuvant treatment 8 (2%) 20 (4%)
During surgery 6 (1%) 4 (1%)
After surgery or sustained cCR 97 (21%) 110 (24%)
* At planning CT-scan for radiotherapy. Data are presented as n (absolute %).
Table 3 Events of disease-related treatment failure
All patients
Experimental Standard-care
(n =462) (n =450)

DM only 74 (16%) 106 (24%)
LRF only 15 (3%) 6 (1%)
DM + LRF synchronously * 15 (3%) 11 (2%)
DM before LRF 11 (2%) 8 (2%)
DM after LRF 9 (2%) 5 (1%)
New primary tumor (without DM or LRF) 21 (5%) 28 (6%)
Treatment-related death 4 (1%) 4 (1%)

* Locoregional failure and distant metastases diagnosed within 90 days of each other.

Data are presented as n (absolute %).

Prognosis after distant metastases
In the experimental group, 84% (387 of 462) of patients received at least 75% of the prescribed
courses of systemic chemotherapy before the diagnosis of DM compared to 24% (108 of 450) of
patients in the standard-care group.(14) As a consequence, patients in the experimental group
with metastatic disease who progressed after this systemic treatment had already received a

nearly cumulative maximum dose of oxaliplatin, hampering administration of oxaliplatin-
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Figure 2 First metastasized organ-site.

*Other includes bone, brain, peritoneum, distant lymph nodes, and pleura.

containing chemotherapy in the metastatic setting. These patients often received second-
line chemotherapy, known to be less effective in the palliative setting, as tumour cells that
cause relapse after treatment with systemic chemotherapy can have a worse biological profile
and could therefore be partly responsible for a poorer prognosis.(22) In contrast, patients
developing metastatic disease in the standard-care group who had not received adjuvant
chemotherapy could be treated with first-line oxaliplatin-containing chemotherapy. The gain
in fewer DM from preoperative chemotherapy may be counterbalanced by shortening of
survival after recurrence, as recently stressed in a systematic review.(23)

Also, a more aggressive treatment with multiple interventions creates survival advantages for
chemo-resistant tumour cells after each successful intervention. A combined treatment as the
RAPIDO schedule (radiotherapy and chemotherapy) is more effective than only one local
intervention (chemoradiotherapy in the standard-care group) resulting in a higher pCR rate.
(11) However, the most aggressive and invasive cancer cells will survive after each intervention

if not eliminated.(24) This selection effect was observed in the experimental group with
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Figure 3 First diagnosis of distant metastases over time, based on cumulative probabilities
according to the first metastasized organ-site. Other includes liver and another organ-site,

lung, and another organ-site.

worse survival and a higher probability of developing locoregional failure synchronously or
after the diagnosis of DM.

The experimental treatment possibly prevented the DM with very little tumour burden,
which was still present in the standard-care group. These patients may be the ones cured by
local treatment being another reason for the better survival after DM in the standard-care
group. Metastases with the worst prognosis (non-resectable, non-responsive to chemotherapy
etc) were the ones remaining in both treatment groups influencing overall survival. Possibly

explaining why overall survival of the whole group is comparable at 5 years. However, another
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Table 4 Treatment according to location of distant metastases

Liver-only Lung-only
EXP STD EXP STD
(n=25) (n=53) (n=41) (n=36)
No treatment 3 (12%) 3 (6%) 3 (7%) 5 (14%)
Surgery only 8 (32%) 18 (34%) 17 (41%) 9 (25%)
Surgery + CT 7 (28%) 17 (32%) 2 (5%) 2 (6%)
Surgery + RT - - 2 (4%) 2 (5%) - -
CT only 4 (16%) 4 (8%) 10 (24%) 13 (36%)
RT only - - 1 (2%) 5 (12%) 5 (14%)
CT +RT - - 1 (2%) 2 (6%)
Other treatment* 3 (12%) 8 (15%) 1 (2%) - -
Liver + lung Other
EXP STD EXP STD
(n=10) (n=12) (n=21) (n=27)

No treatment 4 (40%) 1 (8%) 3 (14%) 2 (7%)
Surgery only 1 (10%) - - 3 (14%) 3 (11%)
Surgery + CT 2 (20%) 1 (8%) 3 (14%) 6 (22%)
Surgery + RT - - 1 (8%) 1 (5%) 1 (4%)
CT only 2 (20%) 7 (58%) 7 (33%) 10 (37%)
RT only - - - - 1 (5%) 1 (4%)
CT +RT 1 (10%) 1 (8%) - 1 (4%)
Other treatment* - - 1 (8%) 3 (14%) 3 (11%)

EXP = experimental group; STD = standard-care group; CT = chemotherapy;
RT = radiotherapy.
*Other treatment also includes: (a combined treatment using) microwave ablation, radiofrequency ablation,

HIPEC, electrochemotherapy.

possible explanation is that the RAPIDO trial was not powered to address overall survival.
The gain in DM rate (7%-unites) may be too small to detect a difference in overall survival

with the number of patients included.
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Table 5 Univariate and multivariate cox regression analyses for distant metastases

Univariate Multivariate
Variable Number of Hazard ratio  P-value = Hazard ratio  P-value
patients at risk (CI 95%) (CI 95%)
Treatment 0.011 0.011
Experimental 462 1.00 1.00
Standard-care 450 1.39 (1.08-1.78) 1.39 (1.08-1.78)
Gender 0.138
Male 612 1.00 -
Female 300 0.81 (0.62-1.07) -
Age 0.703
912 1.00 (0.99-1.02) -
Distance from anal verge 0.689
(endoscopy)
< 5cm 217 1.00 -
5-10 cm 334 0.92 (0.66-1.27) -
>10 cm 298 1.05 (0.75-1.45) -
High risk factors
mr cT4 0.060 0.285
No 624 1.00 1.00
Yes 288 1.28 (0.99-1.66) 1.16 (0.88-1.53)
mr cN2 0.008 0.005
No 280 1.00 1.00
Yes 632 1.48 (1.11-1.98) 1.53 (1.14-2.06)
mr Lat LN + 0.025 0.081
No 768 1.00 1.00
Yes 144 1.43 (1.05-1.94) 1.32 (0.97-1.81)
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Continuation Table 5 Univariate and multivariate cox regression analyses for distant

metastases
Univariate Multivariate
Variable Number of Hazard ratio  P-value  Hazard ratio  P-value
patients at risk (CI195%) (CI195%)
mr EMVI + <0.001 <0.001
No 595 1.00 1.00
Yes 317 1.66 (1.29-2.13) 1.64 (1.28-2.12)
mr MRF + 0.007 0.013
No 289 1.00 1.00
Yes 623 1.48 (1.11-1.97) 1.46 (1.08-1.97)
Number of high-risk criteria <0.001
912 1.41 (1.26-1.57)

Strengths and limitations
To our knowledge, this study is the first to compare the first metastatic organ-site in LARC
while comparing TNT to conventional chemoradiotherapy and to report a changed metastatic
pattern with the different treatment regimens. A limitation of the current study is that further
diagnostics of the occurrence of DM were not always fully performed after an LRF had
been established and vice versa. This has not been checked and corrected for in the analyses
as this differs per hospital and country. In addition, comparisons with regard to systemic
chemotherapy were more challenging as the standard-care group was not evenly distributed
because adjuvant chemotherapy was allowed according to the hospital protocol. Although
the results of the RAPIDO trial are promising with respect to a decrease in DM, a higher
pCR rate, and therewith a possible organ-saving strategy, an important clinical dilemma
still concerns the selection of LARC patients who will most likely benefit from this new
treatment schedule. Recently our study group published that enlarged lateral lymph nodes, a
positive circumferential resection margin, tumour deposits, node positivity at pathology and
experimental treatment were significant predictors for developing locoregional recurrence.
No statistically significant association was found in the multivariate analysis regarding

distance from the anal verge. (25) In the current manuscript, we demonstrated that EMVI,
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cN2, MRF and standard-care treatment are prognostic factors for the development of DM,
yet, identification of patients who would benefit the most from the RAPIDO schedule or
other TNT schedules is not yet possible. Although health-related quality of life and bowel
function were not compromised and no increase in grade > 3 toxicity was observed,(26) the
benefits and harms of a total neoadjuvant treatment should be carefully balanced, as some
patients are overtreated.

Further research is needed to predict clinical response, for example, via biomarkers and to
define the optimal selection criteria for total neoadjuvant treatment. In addition, standardised

follow-up schedules should be applied to future studies to provide comparable results.

Conclusion
In summary, compared to standard care with long-course chemoradiotherapy, short-
course radiotherapy in combination with systemic chemotherapy effectively decreases liver
metastases in patients with high-risk LARC without influencing the time of diagnosis of DM.
With the experimental TNT, an effective dose of chemotherapy can be given to eliminate
more micrometastases, when susceptible to chemotherapy, early in the treatment process,
preventing development into detectable metastases. Why this effect mainly occurs in liver

metastases cannot be fully explained based on the current data.

194



References

1.

10.

11.

12.

Pahlman L, Glimelius B. Pre- or postoperative radiotherapy in rectal and rectosigmoid carcinoma.
Report from a randomized multicenter trial. Ann Surg. 1990;211(2):187-95.

Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, Hess C, et al. Preoperative versus
postoperative chemoradiotherapy for locally advanced rectal cancer: results of the German CAO/
ARO/AIO-94 randomized phase III trial after a median follow-up of 11 years. J Clin Oncol.
2012;30(16):1926-33.

Swedish Rectal Cancer T, Cedermark B, Dahlberg M, Glimelius B, Pahlman L, Rutqvist LE, et
al. Improved survival with preoperative radiotherapy in resectable rectal cancer. N Engl ] Med.
1997;336(14):980-7.

Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, et al. Preoperative
radiotherapy combined with total mesorectal excision for resectable rectal cancer. N Engl ] Med.
2001;345(9):638-46.

Sebag-Montefiore D, Stephens R], Steele R, Monson J, Grieve R, Khanna S, et al. Preoperative
radiotherapy versus selective postoperative chemoradiotherapy in patients with rectal cancer
(MRC CR07 and NCIC-CTG C016): a multicentre, randomised trial. Lancet. 2009;373(9666):811-
20.

Gerard JP, Conroy T, Bonnetain E, Bouche O, Chapet O, Closon-Dejardin MT, et al. Preoperative
radiotherapy with or without concurrent fluorouracil and leucovorin in T3-4 rectal cancers: results
of FFCD 9203. J Clin Oncol. 2006;24(28):4620-5.

Bosset JE Collette L, Calais G, Mineur L, Maingon P, Radosevic-Jelic L, et al. Chemotherapy with
preoperative radiotherapy in rectal cancer. N Engl ] Med. 2006;355(11):1114-23.

Braendengen M, Tveit KM, Berglund A, Birkemeyer E, Frykholm G, Pahlman L, et al. Randomized
phase III study comparing preoperative radiotherapy with chemoradiotherapy in nonresectable
rectal cancer. ] Clin Oncol. 2008;26(22):3687-94.

Osterman E, Hammarstrom K, Imam I, Osterlund E, Sjoblom T, Glimelius B. Recurrence Risk
after Radical Colorectal Cancer Surgery-Less Than before, But How High Is It? Cancers (Basel).
2020;12(11).

Glimelius B, Myklebust TA, Lundqvist K, Wibe A, Guren MG. Two countries - Two treatment
strategies for rectal cancer. Radiother Oncol. 2016;121(3):357-63.

Bahadoer RR, Dijkstra EA, van Etten B, Marijnen CAM, Putter H, Kranenbarg EM, et al. Short-
course radiotherapy followed by chemotherapy before total mesorectal excision (TME) versus
preoperative chemoradiotherapy, TME, and optional adjuvant chemotherapy in locally advanced
rectal cancer (RAPIDO): a randomised, open-label, phase 3 trial. Lancet Oncol. 2021;22(1):29-42.
Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: competing risks and multi-state models.
Stat Med. 2007;26(11):2389-430.

195



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

196

Koller MT, Raatz H, Steyerberg EW, Wolbers M. Competing risks and the clinical community:
irrelevance or ignorance? Stat Med. 2012;31(11-12):1089-97.

van der Valk MJM, Marijnen CAM, van Etten B, Dijkstra EA, Hilling DE, Kranenbarg EM, et al.
Compliance and tolerability of short-course radiotherapy followed by preoperative chemotherapy
and surgery for high-risk rectal cancer - Results of the international randomized RAPIDO-trial.
Radiother Oncol. 2020;147:75-83.

Gao P, Huang XZ, Song YX, Sun JX, Chen XW, Sun Y, et al. Impact of timing of adjuvant
chemotherapy on survival in stage III colon cancer: a population-based study. BMC Cancer.
2018;18(1):234.

Tamas K, Walenkamp AM, de Vries EG, van Vugt MA, Beets-Tan RG, van Etten B, et al. Rectal and
colon cancer: Not just a different anatomic site. Cancer Treat Rev. 2015;41(8):671-9.

Frambach P, Pucciarelli S, Perin A, Zuin M, Toppan P, Maretto I, et al. Metastatic pattern and
new primary tumours after neoadjuvant therapy and surgery in rectal cancer. Colorectal Dis.
2018;20(12):0326-034.

Ding P, Liska D, Tang P, Shia J, Saltz L, Goodman K, et al. Pulmonary recurrence predominates
after combined modality therapy for rectal cancer: an original retrospective study. Ann Surg.
2012;256(1):111-6.

Arredondo J, Baixauli J, Rodriguez ], Beorlegui C, Arbea L, Zozaya G, et al. Patterns and
management of distant failure in locally advanced rectal cancer: a cohort study. Clin Transl Oncol.
2016;18(9):909-14.

Ikoma N, You YN, Bednarski BK, Rodriguez-Bigas MA, Eng C, Das P, et al. Impact of Recurrence
and Salvage Surgery on Survival After Multidisciplinary Treatment of Rectal Cancer. ] Clin Oncol.
2017;35(23):2631-8.

Zheng Z, Wang X, Huang Y, Lu X, Huang Z, Chi P. Defining and predicting early recurrence in
patients with locally advanced rectal cancer treated with neoadjuvant chemoradiotherapy. Eur ]
Surg Oncol. 2020;46(11):2057-63.

van den Brink M, Stiggelbout AM, van den Hout WB, Kievit ], Klein Kranenbarg E, Marijnen CA,
et al. Clinical nature and prognosis of locally recurrent rectal cancer after total mesorectal excision
with or without preoperative radiotherapy. ] Clin Oncol. 2004;22(19):3958-64.

Socha JB, K. Does the Gain of Total Neoadjuvant Therapy Outweigh the Harm in Rectal Cancer?
Importance of the ATRESS (neoAdjuvant Therapy-RElated Shortening of Survival) Phenomenon:
A Systematic Review. Cancers 2023;15.

Zheng Z, Yu T, Zhao X, Gao X, Zhao Y, Liu G. Intratumor heterogeneity: A new perspective on
colorectal cancer research. Cancer Med. 2020;9(20):7637-45.

Dijkstra EA, Nilsson PJ, Hospers GAP, Bahadoer RR, Meershoek-Klein Kranenbarg E, Roodvoets
AGH, et al. Locoregional Failure During and After Short-course Radiotherapy followed by



26.

Chemotherapy and Surgery Compared to Long-course Chemoradiotherapy and Surgery - A Five-
year Follow-up of the RAPIDO Trial. Ann Surg. 2023.

Dijkstra EA, Hospers GAP, Kranenbarg EM, Fleer ], Roodvoets AGH, Bahadoer RR, et al.
Quality of life and late toxicity after short-course radiotherapy followed by chemotherapy or
chemoradiotherapy for locally advanced rectal cancer - The RAPIDO trial. Radiother Oncol.
2022;171:69-76.

197|

n
£
Z
<
=
QO







Supplementary Appendix Chapter 5
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Experimental: 462 415 373 356 341 312

Supplementary Figure A The development of distant metastases stratified for the
experimental group and the standard-care group with or without a hospital policy for

postoperative chemotherapy.

Cumulative probabilities at five years after randomization were 33% [95% CI 27-38] and 27%
[95% CI 21-34] with or without hospital policy, respectively (HR 1.22 [95% CI 0.86-1.72];
P=0.019). In total, 187 patients started adjuvant chemotherapy in the standard-care group;

two patients were from the group without a hospital policy for adjuvant chemotherapy.
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Supplementary Figure B Timing of distant metastases and/or locoregional failure.

LRF = locoregional failure DM = distant metastases.
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Supplementary Figure C.1 Survival after isolated lung metastases versus after isolated liver

metastases (both treatment groups).
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Supplementary Figure C.2 Survival after isolated lung metastases versus after isolated liver

metastases (experimental group).
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Supplementary Table A First metastatic organ-sites according distance from anal verge.

Whole group Whole group
Experimental Standard Experimental Standard
<5cm 5-10 cm

No metastases 154 (71%) 247 (74%)

75 (73%) 79  (71%) 139  (77%) 108 (71%)
Isolated liver 14 (22%) 31 (36%)

4 (4%) 10 (9%) 11 (6%) 20 (13%)
Liver and other organ-
site (except lung) 1 (1%) 3 (1%)

1 %) - - 1 1% 2 (1%)
Isolated lung 24 (11%) 29 (9%)

13 (13%) 11 (10%) 17  (9%) 12 (8%)
Lung and other organ-
site (except liver) 6 (3%) 5 (2%)

2 (2%) 4 (4%) 4 (2%) 1 (1%)
Other 13 (6%) 13 (4%)

5 (5%) 8 (7%) 7 (4%) 6 (4%)
Liver + lung 5 (2%) 6 (2%)

3 (3%) 2 (2%) 2 (1%) 4 (3%)

None of the differences are statistically significant
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Continuation

Supplementary Table A First metastatic organ-sites according distance from anal verge.

Whole group Whole group
Experimental ~ Standard Experimental ~ Standard
> 10 cm unknown
No metastases 212 (71%) 49 78%)
111 (76%) 101  (66%) 26 (81%) 23 (74%)
Isolated liver 32 (37%) 1 (7%)
10 (7%) 22 (15%) - - 1 (3%)
Liver and other organ-
site (except lung) 4 (1%) 1 (2%)
2 1% 2 (%) 1 (3% - -
Isolated lung 21 (7%) 3 (5%)
10 7% 11 @7% 1 (3% 2  (7%)
Lung and other organ-
site (except liver) 2 (1%) 3 (5%)
1 (1%) 1 (1%) 2 (6%) 1 (3%)
Other 18 (6%) 4 (6%)
8 (6%) 10 (7%) 1 (3%) 3 (10%)
Liver + lung 9 (3%) 2 (3%)
4 (3%) 5 (3%) 1 (3%) 1 (3%)

None of the differences are statistically significant
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