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A B S T R A C T   

Background and purpose: This study assessed quality of life (QoL) and clinical outcomes in rectal cancer patients 
treated with magnetic resonance (MR) guided short-course radiation therapy (SCRT) on a 1.5 Tesla (T) MR-Linac 
during the first 12 months after treatment. 
Materials and methods: Rectal cancer patients treated with 25 Gy SCRT in five fractions with curative intent in the 
Netherlands (2019–2022) were identified in MOMENTUM (NCT04075305). Toxicity (CTCAE v5) and QoL 
(EORTC QLQ-C30 and -CR29) was primarily analyzed in patients without metastatic disease (M0) and no other 
therapies after SCRT. Patients who underwent tumor resection were censored from surgery. A generalized linear 
mixed-model was used to investigate clinically meaningful (≥10) and significant (P < 0.05) QoL changes. 
Clinical and pathological complete response (cCR and pCR) rates were calculated in patients in whom response 
was documented. 
Results: A total of 172 patients were included, of whom 112 patients were primarily analyzed. Acute and late 
radiation-induced high-grade toxicity were reported in one patient, respectively. CCR was observed in 8/64 
patients (13 %), 14/37 patients (38 %) and 13/16 patients (91 %) at three, six and twelve months; pCR was 
observed in 3/69 (4 %) patients. After 12 months, diarrhea (mean difference [MD] − 17.4 [95 % confidence 
interval [CI] − 31.2 to − 3.7]), blood and mucus in stool (MD − 31.1 [95 % CI − 46.4 to − 15.8]), and anxiety (MD 
–22.4 [95 % CI − 34.0 to − 10.9]) were improved. 
Conclusion: High-field MR-guided SCRT for the treatment of patients with rectal cancer is associated with 
improved disease-related symptom management and functioning one year after treatment.   

Introduction 

Rectal cancer is typically treated with multimodal therapy, including 
surgery, systemic therapy and radiation therapy (RT). For patients with 
intermediate risk rectal tumors, defined as cT3c-dN0M0 or cT1-3N1M0 
mesorectal fascia clear (MRF-), the recommended treatment strategy in 
Northern Europe is short-course radiotherapy (SCRT; 25 Gray (Gy) in 
five fractions) followed by (delayed) tumor resection [1–3]. SCRT is also 

used in patients not eligible for tumor resection to provide palliation of 
symptoms, in elderly not eligible for chemoradiation, in combination 
with chemotherapy to treat locally advanced rectal cancer (LARC), for 
early tumors to allow organ-preservation, and in combination with 
chemotherapy, immunotherapy and metastasectomy for the treatment 
of metastatic rectal cancer [1–5]. 

Although neoadjuvant SCRT has not been associated with survival 
benefits, it reduces the risk of locoregional recurrence or tumor 
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progression [6–7]. In addition, a prolonged interval between SCRT and 
surgery has been found to improve tumor downstaging [8–9]. Sufficient 
downstaging of the tumor could allow for organ-preservation in half of 
rectal cancer patients, as demonstrated in studies investigating other 
total neoadjuvant therapy regimens [10–11]. However, after SCRT with 
delay, radiation-induced toxicity has also been reported, mainly con-
sisting of bowel dysfunction, and requiring hospital admission in 7 % of 
patients [12–13]. With a rising number of patients eligible for a watch- 
and-wait approach, this is becoming increasingly relevant. To reduce 
RT-related toxicity without compromising treatment efficacy, the 1.5 
Tesla (T) Magnetic Resonance Linear Accelerator (MR-Linac) holds great 
promise for the treatment of rectal cancer [14–16]. This technology uses 
online adaptive MR-guided RT, which provides superior soft tissue 
visualization and daily plan adaptation based on the actual anatomy. 
MR-guided RT makes it possible to reduce the radiation field for rectal 
tumors by 1/3rd as compared with conventional techniques, which may 
result in less RT-related toxicity and a better quality of life (QoL) 
[17–19]. 

Only few single-center studies have been conducted on the use of the 
1.5T MR-Linac to treat rectal cancer patients. The ‘Multi-OutcoMe 
EvaluatioN of radiation Therapy Using the MR-Linac (MOMENTUM) 
registry provides the unique opportunity to assess clinical and patient- 
reported outcomes (PROs) in a multi-institutional patient cohort [20]. 
Therefore, this study aims to assess QoL and clinical outcomes, including 
toxicity, disease control and survival during the first 12 months after 
MR-guided RT in rectal cancer patients treated with SCRT on a 1.5T MR- 
Linac in the MOMENTUM study. These results can serve as a benchmark 
and support the design of both comparative effectiveness studies and 
novel treatment studies using the MR-Linac for treatment of patients 
with rectal cancer. 

Methods 

The Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines for cohort studies were followed [21]. 

Study design and population 

This study was performed using the MOMENTUM registry 
(NCT04075305). MOMENTUM is a multi-institutional, observational 
cohort study, in which patients treated on the 1.5T MR-Linac (Unity, 
Elekta) consent to the use of their pseudonymized clinical and technical 
patient data. In addition, patients consent to receive QoL questionnaires 
during follow-up after treatment [20]. For the current analysis, all pa-
tients with primary rectal cancer who received 25 Gy in five fractions 
with curative intent between February 2019 and April 2023 in one of 
four Dutch institutions (i.e., University Medical Center Utrecht, Rad-
boud University Medical Center, Netherlands Cancer Institute, Radio-
therapiegroep) were identified. 

Outcomes 

Outcomes of interest were RT-related toxicity, QoL, disease control 
and survival, measured at three, six and 12 months after RT. Toxicity 
was scored according to Common Terminology Criteria for Adverse 
Events version 5 (CTCAE v5). Acute toxicity was defined as observed 
either during treatment or within the initial three months, while sub-
sequent occurrences were categorized as late toxicity. QoL was assessed 
using European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaires (EORTC QLQ), specifically the general 
EORTC QLQ-C30 and colorectal cancer-specific EORTC QLQ-CR29 
questionnaires [22–23]. Oncological outcomes consisted of clinical 
response rate, pathological complete response (pCR) rate, disease-free 
interval (DFI), and overall survival (OS). 

Data collection 

Patient characteristics included age, sex, and performance status 
(according to the Eastern Cooperative Oncology Group [ECOG] scale). 
Tumor characteristics comprised tumor (T), nodal (N) and metastasis 
(M) status and corresponding American Joint Committee on Cancer 
(AJCC) stage [24]. Treatment details contained therapy completion, 
reasons for non-completion, RT adaptation workflow, and details on 
other therapies at baseline and during follow-up, including type and 
timing of therapy. The RT adaptation workflow existed of either Adapt- 
to-Position (ATP), in which the dose plan is shifted to match the daily 
anatomy resembling rigid registration but based on MR images, or 
Adapt-to-Shape (ATS), in which the dose plan is adapted to the real-time 
shape, volume and position of the target area and organs at risk right 
before treatment. Follow-up data included treatment response as 
documented in the electronic patient file, presence and pattern of dis-
ease progression and/or recurrence after resection, vital status and 
survival time. Clinical response was classified as complete, partial, sta-
ble or progressive; pCR was defined as pT0N0. 

Statistical analysis 

Baseline characteristics were summarized using descriptive statis-
tics. Primarily, radiation-induced toxicity and QoL were assessed in 
patients without metastatic disease (M0) at baseline, excluding patients 
who received other therapies after RT to explicitly evaluate the effect of 
MR-guided SCRT. Patients who underwent resection, including 
Transanal Endoscopic Microsurgery (TEM), were censored from the date 
of surgery. High-grade toxicity (i.e., CTCAE grade 3 or higher) was re-
ported using absolute numbers and percentages. It was assumed that if 
high-grade toxicity had occurred, this would have been documented in 
the respective patient record given its severity. Therefore, if not docu-
mented, it was assumed that high-grade toxicity had not occurred. Since 
this could give an underestimation of toxicity, high-grade toxicity was 
additionally calculated in patients in whom toxicity was prospectively 
scored according to CTCAE, likely providing an overestimation. Conse-
quently, a range of values within which the true toxicity rate lies was 
obtained. QoL domains were calculated according to the EORTC manual 
[22]. High scores on functional scales represent a high level of func-
tioning (better QoL), whilst high scores on symptom scales represent a 
high level of symptomatology (worse QoL). Scores were presented as 
mean (±standard deviation [SD]). Generalized linear mixed-model 
analysis was performed to assess change in QoL over time by calcu-
lating mean differences (MD) and corresponding 95 % confidence in-
tervals (CI). Minimally important differences (MIDs) were interpreted 
based on Musoro et al. for available QoL domains [25]. If not specified, a 
≥10 point change was considered meaningful. A sensitivity analysis was 
performed in the total cohort of patients with organ preservation, 
including patients with TEM or other additional therapies during follow- 
up, censoring patients from the date of surgery in case of resection. DFI 
and OS were assessed in the total cohort by Kaplan-Meier curves and 
presented as one-year probability with 95 % CI. DFI was calculated from 
the date of resection until local or systemic disease recurrence or last 
follow-up. OS was calculated from the start date of treatment until the 
date of death or last follow-up. Clinical response rates were obtained in 
non-resected patients in whom response assessment with follow-up MRI 
was documented; recurrence rates were determined in resected patients 
in whom information on recurrence was available. Oncological out-
comes were stratified for disease stage according to the Dutch guide-
lines, i.e., low risk (cT1-3abN0M0, CRM-), intermediate risk 
(cT3cdN0M0 or cT1-3N1M0, CRM-), LARC (cT4, N2 or CRM+) and 
metastatic [1]. P-values < 0.05 were considered statistically significant. 
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Results 

Study population 

During the study period, 174 patients were scheduled to receive 
treatment on the 1.5T MR-Linac. In one patient, MR-Linac treatment was 
not given because of technical issues. In another patient, new patho-
logical lymph nodes were found and the treatment schedule was 
changed to long course chemoradiation. Consequently, 172 patients 
were included: 9 patients (5 %) with low risk rectal cancer, 109 patients 
(63 %) with intermediate risk rectal cancer, 35 patients (21 %) with 
LARC and 19 patients (11 %) with metastatic disease (Table 1). Three, 
six and twelve months follow-up was reached by 169 patients (98 %), 
163 patients (95 %), and 133 patients (77 %), respectively. 

Treatment details 

One patient received one of five fractions on a conventional Linac, 
due to technical issues. All other patients completed treatment as 
planned. At baseline, ten patients (6 %) had received induction therapy 
(Table 1). At six months follow-up, 49/163 patients (28 %) had received 
additional treatment, consisting of systemic therapy in 48 patients, liver 
metastasectomy in two patients, and brachytherapy in one patient. 
During follow-up, 119 patients (69 %) were known to have had tumor 
resection after a median of 12 weeks (IQR 2–18 weeks), including organ- 
preserving TEM in ten patients (8 %). One of 133 patients who reached 
12 months follow-up (6 %) had not undergone tumor resection due to 
distant disease progression, and 16 patients (94 %) were still under 
active surveillance. 

Primary analysis with regard to radiation-induced toxicity and QoL 
was performed in 112 M0 patients with no other therapies after RT, of 
whom 45 patients (40 %), 26 patients (23 %), and 19 patients (17 %) 
reached three, six and twelve months follow-up without TEM, 
respectively. 

Radiation-induced toxicity 

Toxicity was prospectively CTCAE graded in 26/45 patients (58 %) 
at three months, 5/26 patients (19 %) at six months and 6/19 patients 
(32 %) at twelve months. High-grade RT-related toxicity was reported in 
two patients. One patient (2–4 %) experienced grade 3 diarrhea within 
three months. Grade 4 constipation was reported in another patient 
(5–17 %) at 12 months of follow-up, with no documented tumor pro-
gression, followed by surgery. 

Quality of life 

At time of cohort enrollment, 96 patients (86 %) provided informed 
consent to receive QoL questionnaires (Appendix I & II). Treatment 
resulted in a decline in PRO’s during the first three to six months of 
follow-up in the EORTC QLQ-C30 domains of physical functioning (MD 
− 10.1 [95 % CI − 14.7 to − 5.4] at three months and MD − 7.2 [95 % CI 
− 13.5 to − 0.9] at six months), role functioning (MD − 11.3 [95 % CI 
− 18.9 to − 3.8] at three months), social functioning (MD − 9.5 [95 % CI 
− 15.7 to − 3.4] at three months), and fatigue (MD 9.5 [95 % CI 2.9 – 
16.1] at three months) (Fig. 1, Table 2). Deteriorated scores returned to 
baseline after six months follow-up for all but the physical functioning 
domain. At 12 months, none of the domains showed significantly worse 
scores as compared with baseline. Diarrhea symptom scores showed an 
improvement at 12 months (MD − 17.4 [95 % CI − 31.2 to − 3.7]), as did 
emotional functioning (MD 13.0 [95 % CI 5.5 – 20.6]). 

PRO’s with regard to the EORTC QLQ-CR29 domain ‘blood and 
mucus in stool’ showed improvement at three, six and 12 months follow- 
up (MD − 24.8 [95 % CI –33.6 to − 16.0]; MD − 25.8 [95 % CI − 37.5 to 
− 14.1] and MD − 31.1 [95 % CI − 46.4 to − 15.8], respectively) (Fig. 2, 
Table 3). Anxiety scores were lower at three, six and 12 months (MD 

− 15.0 [95 % CI − 21.9 to − 8.1], MD − 20.8 [95 % CI − 29.2 to − 11.0] 
and MD –22.4 [95 % CI − 34.0 to − 10.9], respectively). Other QoL do-
mains showed no differences over time that were both clinically 
meaningful and statistically significant. 

Sensitivity analysis in the total cohort showed similar results (Ap-
pendix III-IV), although impotence was worse after six and 12 months 
(MD 10.1 [95 % CI 2 – 18.2] and MD 19 [95 % CI 9 – 28.9], respec-
tively), as compared with baseline. 

Table 1 
Baseline characteristics of the total cohort of 172 patients primary rectal cancer 
treated with 5x5 Gy with curative intent on the 1.5 T MR-Linac.   

Total 
(N ¼ 172) 

Age in years, median (IQR) 61 [53–70] 
Sex, n (%)  

Female 50 (29 %) 
Male 122 (71 %) 

ECOG grade, n (%)  
0 117 (68 %) 
1 20 (12 %) 
2 1 (1 %) 
Missing 34 (20 %) 

Tumor status [26], n (%)  
T1 2 (1 %) 
T2 36 (21 %) 
T3 123 (72 %) 
T4 5 (3 %) 
T4a 4 (2 %) 
T4b 2 (1 %) 

Lymph node status [26], n (%)  
N0 30 (17 %) 
N1 114 (66 %) 
N2 28 (16 %) 

Metastasis status [26], n (%)  
M0 153 (89 %) 
M1 19 (11 %) 

Circumferential resection margin  
Negative 129 (75 %) 
Positive 34 (20 %) 
Missing 9 (5 %) 

Risk category1  

Low risk 9 (5 %) 
Intermediate risk 109 (63 %) 
Locally advanced 35 (21 %) 
Metastasized 19 (11 %) 

Adaptation technique, n (%)  
Adapt-To-Position (ATP) 3 (2 %) 
Adapt-To-Shape (ATS) 166 (96 %) 
Mixed 3 (2 %) 

Induction systemic treatment*, n (%) 10 (6 %) 
Resection during follow-up 119 (69 %) 

Interval to surgery in weeks, median (IQR) 12 (2–18) 
Type of surgery  

Low anterior resection (LAR) 68 (57 %) 
Abdominoperineal Resection (APR) 26 (22 %) 
Transanal Endoscopic Microsurgery (TEM) 10 (8 %) 
Other 5 (4 %) 
Unknown 10 (8 %) 

Other additional treatment (after RT, prior to resection)  
Yes** 49 (28 %) 

Systemic therapy 48 (28 %) 
Brachytherapy 1 (1 %) 
Metastasectomy 2 (1 %) 

No 78 (45 %) 
Unknown 45 (26 %) 

Gy, Gray; T, Tesla; MR-Linac, Magnetic Resonance Linear Accelerator; IQR, 
interquartile range; ECOG, Eastern Cooperative Oncology Group; RT, radio-
therapy. 
* Systemic treatment consisted of chemotherapy and/or immunotherapy, 
including FOLFOX/bevacizumab, FOLFOX/panitumumab, FOLFOXIRI, CAPOX 
(-B), capecitabine, atezolizumab and/or bevacizumab. 
** Patients could have received more than one additional therapy. 
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Fig. 1. Patient reported outcomes on relevant quality of life domains of the EORTC QLQ-C30 questionnaire in M0 patients without tumor resection or other 
additional therapy after radiotherapy at baseline and three, six and 12 months follow-up. 

Table 2 
Mixed model analysis of patient reported outcomes on relevant domains of the EORTC QLQ-C30 questionnaire in 96 M0 patients without tumor resection or other 
additional therapy after radiotherapy at baseline and three, six and 12 months follow-up.  

Variable Baseline 3 months follow-up 6 months follow-up 12 months follow-up  

Mean Mean MD LCI UCI Mean MD LCI UCI Mean MD LCI UCI 

Global health score 77.2 75.1 − 2.1 − 7.7 3.5 76.2 − 0.9 − 8.5 6.6  85.7 8.5 − 1.4  18.5 
Physical functioning 93.7 83.6 ¡10.1 ¡14.7 ¡5.4 86.6 ¡7.2 ¡13.5 ¡0.9  90.8 − 3 − 11.2  5.3 
Role functioning 87.5 76.2 ¡11.3 ¡18.9 ¡3.8 83.3 − 4.2 − 14.5 6  94.8 7.3 − 6.2  20.8 
Emotional functioning 80.3 83.5 3.2 − 1.1 7.5 89 8.7 2.9 14.5  93.3 13 5.5  20.6 
Cognitive functioning 91.8 89.6 − 2.2 − 7.3 2.8 87.8 − 4 − 10.9 2.8  94.3 2.4 − 6.6  11.5 
Social functioning 91.2 81.7 ¡9.5 ¡15.7 ¡3.4 87.2 − 4 − 12.3 4.3  92.1 0.8 − 10.1  11.8 
Fatigue 17 26.5 9.5 2.9 16.1 19.3 2.3 − 6.6 11.3  11.8 − 5.2 − 17  6.5 
Nausea/vomiting 2.7 6.7 4 0.5 7.5 3.8 1.1 − 3.6 5.8  0.5 − 2.2 − 8.8  4.4 
Pain 8.3 13.4 5.1 − 1 11.2 14.5 6.2 − 2 14.4  2.8 − 5.5 − 16.3  5.2 
Dyspnea 4 6.3 2.3 − 2.7 7.4 6.6 2.6 − 4.2 9.4  0.2 − 3.8 − 12.9  5.2 
Insomnia 17.4 23.7 6.3 − 3.3 16 16 − 1.4 − 14.4 11.7  9.6 − 7.8 − 25.1  9.5 
Loss of appetite 4.8 9.5 4.6 − 0.9 10.1 6.3 1.5 − 6 8.9  2.8 − 2 − 11.8  7.8 
Constipation 10.6 7 − 3.6 − 9 1.7 5.7 − 4.9 − 12.2 2.3  5.6 − 5 − 14.5  4.4 
Diarrhea 28.7 21.7 − 7 − 14.8 0.8 19.9 − 8.7 − 19.3 1.8  11.2 ¡17.4 ¡31.2  ¡3.7 

M0, non-metastasized disease; MD, mean difference; LCI, lower confidence interval; UCI, upper confidence interval. 
Bold outcomes reflect statistically significant (P < 0.05) & clinically meaningful differences according to Musoro et al27for available quality of life domains or ac-
cording to a minimally important difference of ≥10 point change otherwise. 
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Oncological outcomes 

At three, six and 12 months, clinical complete response was observed 
in 8/64 patients (13 %), 14/37 patients (38 %) and 13/16 patients (81 
%), respectively (Appendix V). At three months, 5/64 patients (8 %) 
experienced progressive disease, consisting of local progression (n = 1), 
distant progression (n = 2), and local and distant progression (n = 2). 
After six and 12 months, distant progression was seen in 1/35 patients 
(3 %) and 1/16 patients (6 %), respectively. 

Pathological TN stage was available for 69/119 patients (58 %) after 
resection; pCR was observed three patients (4 %). Local recurrence after 
resection occurred in 1/60 resected patients (2 %) at three months and 
1/52 patients (2 %) at 12 months. Distant recurrence was seen in 4/60 
patients (7 %), 7/60 patients (12 %) and 11/52 patients (21 %) after 
three, six and 12 months, respectively. One patient (2 %) experienced 

both local and distant recurrence after six months follow-up. 
One patient with intermediate risk rectal cancer died during 12 

months follow-up, due to an unknown cause. Consequently, one-year OS 
was 99 % (95 % CI 97–100 %) in patients with intermediate risk rectal 
cancer and 100 % in patients with other disease stages. 

Discussion 

This study shares unique insights from the currently largest cohort of 
patients who underwent high field strength MR-guided SCRT for rectal 
cancer. Specifically, it offers distinct follow-up details during the first 
year after treatment including a subset of patients who didn’t have 
immediate resection. Acute and late radiation-induced high-grade 
toxicity were reported in only one patient, respectively. A clinically 
meaningful improvement in disease-related symptom management (i.e., 

Fig. 2. Patient reported outcomes on relevant quality of life domains of the EORTC QLQ-CR29 questionnaire in M0 patients without tumor resection or other 
additional therapy after radiotherapy at baseline and three, six and 12 months follow-up. 
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less blood and mucus in stool and less diarrhea) and functioning (i.e., 
less anxiety) was reported. Treatment was, however, also associated 
with impotence in the total cohort. Other QoL domains remained stable 
or stabilized after six to 12 months follow-up. These findings are valu-
able for understanding QoL and clinical outcomes after MR-guided 
SCRT, which is particularly important given the growing use of watch- 
and-wait strategies after total neoadjuvant treatment in rectal cancer 
patients. 

The use of RT in rectal cancer treatment has evolved over time and 
has become an integral component of the multidisciplinary manage-
ment. SCRT is commonly used in the neoadjuvant setting for selected 
patients with rectal cancer, mainly for those with intermediate risk 
disease. Studies have demonstrated the benefit of SCRT for the reduction 
of local recurrence rates and improving long-term outcomes as 
compared to surgery alone [26–27]. Other studies showed that SCRT 
results in tumor downstaging and in some cases even in a clinical or 
pathological complete response after delayed surgery [9,12,28–29]. 
This has expanded the eligibility for organ-preserving treatment, aiming 
to maintain rectal function while effectively treating the cancer, 
enhancing a better QoL [30–31]. Consequently, a prolonged interval 
between SCRT and surgery is increasingly recommended, although the 
optimal interval is still discussed [32–33]. To adequately counsel pa-
tients about specific treatment strategies, it is crucial to study clinical 
outcomes. This facilitates shared-decision making and provides guid-
ance with regard to difficult choices considering rectal cancer treatment 
and QoL [34]. 

Patients with a clinical complete response following neoadjuvant 
treatment can opt for a watch-and-wait approach [35]. A recent study 
prospectively evaluated EORTC QLQ-C30 and -CR29 scores in rectal 
cancer patients who were monitored using the watch-and-wait strategy 
during 24 months after neoadjuvant chemoradiotherapy (n = 263; 95 
%) or SCRT (n = 15; 5 %) [36]. The authors concluded that patients in 
the watch-and-wait group experienced a good QoL with limited varia-
tion over time, with some patients reporting bowel and sexual 
dysfunction [36]. In line with our findings, anxiety improved after 24 
months follow-up and treatment was associated with impotence. PRO’s 
in our cohort had greater variation over time, with a stabilization after 
six to 12 months. Discrepancies between these studies may be a result 
from a difference in patient populations, treatment strategies and time 
points at which outcomes were measured. The watch-and-wait study 
included patients with non-metastasized cancer with a clinical (near) 

complete response 8–12 weeks after long course chemoradiation in the 
fast majority of patients. In contrast, we included patients who received 
MR-guided SCRT, irrespective of disease stage or treatment response. 
Nevertheless, both studies showed a good QoL after 12 months. Partic-
ularly in the context of deteriorated patient-reported and functional 
outcomes after surgery, these results are promising for patients who are 
eligible for organ-preservation. 

Another study group reported QoL of 88 patients with early-stage 
rectal cancer randomized to organ-preservation using TEM after SCRT 
(n = 27) in the TREC trial (ISRCTN14422743), and 61 older patients 
with a compromised performance status in the non-randomized TREC 
registry who were considered ineligible for total mesorectal excision 
[37–38]. Similar to our findings, this study showed mild worsening of 
global QoL and physical functioning scores at three months after treat-
ment, whilst scores returned to baseline values after six to 12 months. 
Also, a reduction in blood and mucus in stool was reported at six months 
post-treatment, which sustained over the remaining follow-up period, 
and impotence scores were found to deteriorate. The authors concluded 
that SCRT followed by organ-preservation is associated with good 
patient-reported toxicity, function and QoL; markedly better than would 
have been achieved with total mesorectal excision [38]. 

The typical SCRT regimen consists of a total radiation dose of 25 Gy 
divided into five daily treatments of 5 Gy each. Nevertheless, the 
optimal use of SCRT and its potential benefits in different patient pop-
ulations continue to be studied and refined through ongoing research. 
Historically, SCRT has been associated with low rates of toxicity, as also 
demonstrated in the current study. This allows exploration of dose 
escalation or boosting strategies [39]. After dose escalated chemo-
radiotherapy in the RECTAL-BOOST trial (NCT01951521), near- 
complete or complete tumor regression was significantly more often 
observed in the intervention group (34/49 patients; 69.4 %) than in the 
control group (24/53 patients; 45.3 %; (OR = 2.74, 95 % CI 1.21–6.18)) 
[40]. Long-term outcomes showed that dose-escalated chemo-
radiotherapy was associated with a transient deterioration in functional 
and symptom scales at three and six months after treatment compared to 
standard chemoradiation, although scores largely recovered from 12 
months onwards [41]. As compared with conventional RT techniques 
used in the RECTAL-BOOST trial, however, online adaptive MR-guided 
RT increases the precision with which irradiation doses can be deliv-
ered to the target area [17]. Therefore, it is expected that the use of MR- 
guided RT systems further reduces toxicity and improves patient 

Table 3 
Mixed model analysis of patient reported outcomes on relevant domains of the EORTC QLQ-CR29 questionnaire in 96 M0 patients without tumor resection or other 
additional therapy after radiotherapy at baseline and three, six and 12 months follow-up.  

Variable Baseline 3 months follow-up 6 months follow-up 12 months follow-up  

Mean Mean MD LCI UCI Mean MD LCI UCI Mean MD LCI UCI 

Urinary frequency 27.5  28.3 0.8 − 6.8 8.4 26.1 − 1.5 − 12 9.1 15.6 − 11.9 − 24.9 1.1 
Blood and mucus in stool 33.6  8.8 ¡24.8 –33.6 ¡16 7.8 ¡25.8 ¡37.5 ¡14.1 2.5 ¡31.1 ¡46.4 ¡15.8 
Stool frequency 28.3  21.4 − 6.9 − 15.5 1.7 19.1 − 9.2 − 20.6 2.2 15.1 − 13.1 − 27.8 1.6 
Body image 10.6  8.3 − 2.3 − 8.4 3.8 12.7 2.1 − 6.1 10.3 4.9 − 5.7 − 16.2 4.9 
Urinary incontinence 4.9  4.7 − 0.2 − 5.4 4.9 4.7 − 0.2 − 7.1 6.7 6.3 1.4 − 7.5 10.3 
Dysuria 1.5  3.3 1.9 − 1.7 5.5 4.4 3 − 1.8 7.7 0 − 1.5 − 7.7 4.8 
Abdominal pain 16  20.9 4.9 − 2.7 12.5 14.6 − 1.4 − 11.5 8.8 6.6 − 9.4 –22.4 3.6 
Anal dysfunction 13.9  16.6 2.7 − 6.1 11.5 13.7 − 0.3 − 12.1 11.5 8.1 − 5.9 − 21.3 9.5 
Bloating 20  22.3 2.3 − 4.6 9.2 15.8 − 4.2 − 13.5 5 15 − 5 − 16.7 6.7 
Anxiety 40.9  25.8 ¡15 ¡21.9 ¡8.1 20.8 ¡20.1 ¡29.2 ¡11 18.4 –22.4 ¡34 ¡10.9 
Weight 11.8  8.9 − 2.9 − 9.6 3.7 5.5 − 6.4 − 15.2 2.5 0 − 12.5 − 24 0 
Flatulence 32.1  34.7 2.6 − 6.4 11.5 25.9 − 6.2 − 18.1 5.7 28.9 − 3.2 − 18.4 12 
Faecal incontinence 14.7  15.1 0.3 − 5.5 6.1 8.8 − 5.9 − 13.6 1.8 6.8 − 7.9 − 17.6 1.8 
Sore skin 9.7  12.1 2.4 − 4 8.7 6.1 − 3.6 − 12 4.8 2.9 − 6.8 − 17.6 4 
Embarrassment 20.5  20.6 0.1 − 7.5 7.6 14.4 − 6.1 − 16.1 3.9 15.6 − 4.9 − 17.6 7.8 
Sexual interest (man) 63.2  71.5 8.3 − 2.2 18.9 69.7 6.5 − 7.4 20.4 57.6 − 5.6 − 24.5 13.2 
Impotence 13.5  17.4 3.9 − 4.9 12.8 18.1 4.6 − 7.1 16.4 21.6 8.1 − 5.9 22.2 
Sexual interest (woman) 79.4  78.4 − 0.9 − 14.6 12.8 71.1 − 8.3 − 26.9 10.3 98.9 19.6 − 14.3 53.5 
Dyspareunia 3  14.8 11.8 − 4.1 27.6 17 14 − 9.4 37.3 41.1 38.1 6 70.1 

M0, non-metastasized disease; MD, mean difference; LCI, lower confidence interval; UCI, upper confidence interval. 
Bold outcomes reflect statistically significant (P < 0.05) & clinically meaningful differences according to a minimally important difference of ≥ 10 point change. 
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outcomes, and enable dose escalation while preserving QoL. This is 
currently being investigated in the preRADAR trial [42]. 

The results of this study need to be interpreted in the light of several 
limitations. Despite that patients are prospectively registered within the 
MOMENTUM study, most data is collected from electronic patient files, 
which introduces the potential for missing data. Particularly, in a sub-
stantial part of patients, toxicity was not explicitly graded. As it was 
assumed that high-grade toxicity did not occur if not reported, this 
might give an underestimation of the true toxicity rate. Therefore, we 
also calculated the toxicity rate in patients in whom toxicity was pro-
spectively scored according to CTCAE. This likely resulted in an over-
estimation of toxicity, thus providing a range of values within with the 
true toxicity lies. Calculation of clinical response and recurrence rates 
was limited to patients for whom this information was available, which 
may lead to an overestimation since patients without events are more 
likely to have missing data. For QoL, patients without organ- 
preservation where censored from the date of surgery to specifically 
study the effect of SCRT followed by active surveillance. A generalized 
mixed model analysis was performed to account for potential biases 
arising from missing data in QoL outcomes. Furthermore, the group of 
patients described in this study was quite heterogeneous. Nevertheless, 
presented outcomes are relevant for all patients receiving MR-guided 
SCRT and sensitivity analysis showed robustness of findings in more 
selected patient populations. The real-world outcomes of this study are 
therefore highly generalizable to all rectal cancer patients treated on a 
1.5T MR-Linac in clinical practice. Finally, a comparison of outcomes 
between patients who underwent MR-guided SCRT and those treated 
using conventional computed tomography (CT) guided techniques 
would be desirable. 

In conclusion, treatment of rectal cancer patients with MR-guided 
SCRT is associated with overall favorable QoL and clinical outcomes 
one year after treatment. This suggests that MR-guided SCRT is a well- 
tolerated local treatment option for patients with various stages of 
rectal cancer. Our findings support the investigation of further dose 
escalation or boosting strategies with MR-guided RT systems, with the 
aim to enhance treatment efficacy and organ-preserving treatment ap-
proaches, while maintaining a good QoL. Several such studies are 
ongoing and the results are eagerly anticipated (e.g., NCT04808323, 
NCT05916040, NCT05108428, NCT05338866) [42]. 
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