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ESTRO consensus guidelines on GTV delineation and dose-escalation in rectal cancer

1. Introduction

In recent years, the treatment paradigm for rectal cancer (RC) has
increasingly shifted toward dose intensification strategies, aiming to
enhance complete response (CR) rates [1,2]. Achieving CR is clinically
meaningful, as it significantly increases the likelihood of organ preser-
vation and functional sphincter-sparing outcomes—particularly critical
in younger patients, for whom long-term quality of life (QoL) and
avoidance of permanent colostomy are paramount [3,4] and older pa-
tients with comorbidities rendering them not suitable for surgery [5].

Organ preservation represents a major evolution in the management
of RC, with nonoperative approaches such as Watch-and-Wait (WW)
strategies and local excision (LE) gaining prominence [2]. These ap-
proaches are supported by a growing body of clinical trials dedicated to
nonoperative management (NOM), reflecting a broader movement to-
ward personalized and function-preserving therapies [4,6,7].

Treatment intensification, particularly through radiotherapy (RT)
dose escalation, is a key modality to increase complete clinical response
(cCR) rates. Meta-analyses and large cohort studies have consistently
demonstrated that dose escalation can improve oncologic outcomes in
this context [8-10]. However, despite mounting evidence supporting
this approach, there is currently no consensus on how to define the gross
tumor volume (GTV) when a radiation dose escalation is planned.

To bridge this gap, we convened an international panel of RC experts
with extensive clinical and academic experience, including recognized
proficiency in organ-preservation strategies. This initiative was con-
ducted within the framework of the ‘Guidelines Sub-Group on Lower GI’
of ESTRO (European Society for Radiotherapy and Oncology).

Using a structured Delphi methodology, we collected and synthe-
sized expert contributions to develop, to our knowledge, the first
Consensus Statement on GTV delineation for RC, with particular
emphasis on dose-escalated RT aimed at organ preservation. This tech-
nical guideline provides consensus-based recommendations on optimal
imaging modalities, dose specifications and GTV definition, with the
overarching goal of promoting standardization and improving treatment
outcomes for patients with RC.

2. Materials and methods

A comprehensive search of PubMed/MEDLINE, the Cochrane Li-
brary, and Google Scholar was conducted to identify studies reporting
on the contouring of GTV, clinical target volume (CTV), and planning
target volume (PTV), RT dosing, indications for and delivery strategies
of boost irradiation, and outcomes from dose-escalation trials in rectal

https://doi.org/10.1016/j.ctro.2026.101131
Received 13 February 2026; Accepted 16 February 2026
Available online 20 February 2026

cancer, covering all publications from December 2003 up to April 2023
(Supplementary Table S1. Data extraction from eligible retrospective,
prospective, and randomized studies was independently performed by
two reviewers (A.R. and G.C.). Based on the selected articles, statements
were identified and subsequently organized into thematic domains.

Consensus recommendations were developed by a multidisciplinary
panel comprising clinical and radiation oncologists, medical oncologists,
a pathologist, radiologists with expertise in RC, and a medical physicist,
using the Delphi methodology. Panelists recorded their votes via Google
Forms (Google LLC; https://docs.google.com/forms/), with additional
supporting materials shared by For each statement, the degree of
agreement was evaluated using three response options: agree; partially
agree (in which case explanatory comments were required); or disagree.

A minimum agreement threshold of 70% was required to establish
consensus on each item. Items that did not reach this threshold in the
first round were reconsidered in the second round. If the level of
agreement remained below 70% after the second round, the statement
was excluded from the final set.

In addition, three illustrative clinical cases (Supplementary Material
1) hosted on the Falcon (https://estro.educase.com/) platform were
selected. The first case involves a low rectal tumor with positive extra-
mesorectal lymph nodes, the second a low rectal tumor, and the third a
high-risk locally advanced tumor associated with positive extra-
mesorectal lymph nodes.

Independent delineations by the expert panel members were
compared to determine consistency. A quantitative assessment of inter-
observer variability was performed using Dice similarity coefficient,
Hausdorff distance, Jaccard index, as well as absolute contoured vol-
umes. The Dice and Jaccard coefficients quantify the spatial overlap
between manual and automatic segmentations, with values closer to 1
indicating a higher degree of agreement. The Hausdorff distance mea-
sures the maximum boundary deviation between the two segmentations;
lower values indicate a closer geometric correspondence [11]. For each
metric, results are reported as mean, standard deviation, and range
(minimum-maximum).

At the end of this process, all proposed contours were reviewed and a
ground truth delineation was established. Based on the initial contour-
ing submissions and the subsequent modifications discussed and
implemented by the expert panel, a final consensus structure was
generated. This definitive delineation was then established as the
ground truth and made available to Falcon members for training pur-
poses. (https://estro.educase.com/index.php/component/educase/?vie
w=case&action=categories&cat_id=423&Itemid=163).
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3. Results
3.1. Literature search and review

A total of 736 publications were initially retrieved through the
literature search. After removing duplicates and screening titles and
abstracts, 360 articles were selected for full-text evaluation. Following
the exclusion of studies not written in English, those without accessible
full text, and those not addressing the specific topic (e.g., lacking in-
formation on GTV or CTV contouring), 19 studies were ultimately
included as relevant to the scope of the present review (Supplementary
Fig. S1). For each included study, data were extracted regarding the
boost indication, technology employed for dose boost delivery, pre-
scribed dose and fractionation, study outcomes, and methods of target
definition (GTV, CTV) according to the diagnostic imaging modality
used (Supplementary Table S1).

Based on the findings of the literature search described above, 5
specific domains were identified: 1) Indication for dose escalation in rectal
cancer 2) Advanced approaches to dose escalation 3) GTV definition 4) GTV-
CTV delineation 5) GTV evaluation during RT.

From these domains, a total of 24 statements were formulated. These
statements were subsequently submitted to the expert panel for evalu-
ation within a Delphi survey.

3.2. Consensus procedures and Delphi rounds

The statements used in the first and second Delphi rounds on the 5
selected domains, together with the corresponding answers, are pro-
vided (Supplementary Table S2 and S3).

Fifteen experts were invited to participate in the first Delphi round
(R1). Eleven out of 15 (73.3%) completed the R1 survey. Among the 24
statements, 18 (75%) reached the predefined consensus threshold of at
least 70% agreement and were therefore considered as agreed upon
(Supplementary Table S2). The remaining 6 statements (25%) failed to
achieve the required threshold in the first round and were thus included
in the second round for re-evaluation. Comments provided on state-
ments, including explanatory notes, were collected and incorporated
into the subsequent round.

During the second Delphi round (R2), the 6 statements that failed to
achieve consensus in the first round (R1) were re-evaluated. Given that
two questions dealt with overlapping aspects of GTV of primary tumor
(GTVp) to CTV of primary tumor (CTVp) margin definition in relation to
risk stratification, they were merged into a single item, resulting in 5
statements being resubmitted for voting. All 15 experts participated in
R2, with 3 statements receiving responses from 15 panelists and 2
statements from 14 panelists. Among the 5 statements of R2, 2 (40%)
achieved the predefined consensus threshold of > 70% agreement, while
3 statements (60.0%) did not reach consensus (Supplementary
Table S3). In addition, based on panelists’ comments, a total of 10
statements—including those without consensus and those that had
already reached agreement—were rephrased for improved clarity.
Table 1 shows the 20 statements developed overall.

3.3. Falcon clinical cases delineation

The 3 selected cases represent RC with distinct clinical presentations.
Fig. 1 illustrates the contours generated by the participating panellists.
For each case, both GTVp and, for Case 1 only, nodal GTV (GTVn) vol-
umes were considered.

Across all three cases, the mean Dice coefficient was 0,83 4 0,09
(range 0,7-1), the mean Hausdorff distance was 7,98 + 4,25 (range
1-15,83), and the mean Jaccard coefficient was 0,71 + 0,14 (range
0,47-1).

With respect to volumes, the mean GTVp volume for Case 1 was
41,64 + 8,99 cm® (range 26,14-56,33), for Case 2 14,18 + 2,12 cm®
(range 11,82-18), and for Case 3 94,03 + 12,03 cm® (range
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Table 1
The 20 statements developed for dose escalation in rectal cancer: definition and
delineation of the gross tumor volume (GTV).

Domain Statements Agreement
(%)
Indication for dose 1. Dose escalation was defined as any dose 90,9
escalation in rectal greater than 54 Gray.
cancer 2. Dose escalation leads to more 72,7
downstaging and more nCR/cCR.
3. Dose escalation is especially indicated 90,9
for tumors located at the mid-lower
rectum (near the anal verge) to avoid
surgery.
4. Dose escalation is advised in patients 90,9

with multiple co-morbidities and/or in

patients who are not considered to be

suitable for surgery, with the goal of

pursuing organ-preservation protocols.
Advanced approaches 5. There is no strict guidance on 90,9

to dose escalation techniques and modalities of boost

administration. It can be administered

either sequentially or simultaneously.

The latter is preferred in the setting of

dose escalation.

6. Dose escalation strategies to at 85,7
least 60-62 Gy may be considered if
the tumour is within 6 cm of the anal
verge. In such cases, endoluminal
approaches like CXB or HDR-BT, as well
as advanced techniques, such as M-

RIgRT, should be considered, based on
expertise and availability.

7. CXB and HDR-BT are two alternativesto 100
dose intensification on the GTV when a
conservative approach is desired.

8. Studies in rectal cancer using proton 90,9
beam therapy have shown promising
results for sparing OARs, but further
research is needed to validate its use.

GTV definition 9. GTV is represented by primary tumour 70
(GTVp) and may include lymph node
disease (GTVn) and tumoral deposits
(No).

10. MRI is mandatory to define GTV boost 90,9
volume. It is the gold standard
technique for both primary staging and
restaging of rectal cancer, as well as for
complete assessment of all
compartments and lymph nodes.

11. Endorectal filling in diagnostic rectal 100
MRI is not recommended.

12. In an organ preservation approach, in 100
order to boost positive nodes, both
morphological and dimensional
criteria should be considered in the
radiological evaluation of suspicious
mesorectal lymph nodes.

13. DWI MRI and DCE MRI are not 90,9
recommended to detect involved
lymph nodes.

14. 18F-FDG PET/CT may be helpful as a 80
problem solver in the case of (large)
equivocal nodes on MRI.

15. There is no evidence that 18F-FDG 78,6
PET/TC provides a significant contri-
bution to the definition of a biological
target volume for radiotherapy treat-
ment planning.

GTV-CTV delineation 16. For the delineation of the GTV, the use 72,7
of the MR co-registered with the
simulation CT is recommended.

17. A 0.5 cm margin from GTVn to CTVn 81,8
may be considered.

GTV evaluation during ~ 18. Rectal cancer patients undergoing 90,9
RT chemoradiation experience a
reduction in tumor volume, with the

(continued on next page)
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Table 1 (continued)

Domain Statements Agreement

(%)

most substantial decrease observed in
the first half of treatment.
19. The intermediate MRI (at the 10th 81,8
treatment fraction), acquired both by
MR Linac and diagnostic MRI, provides
valuable information on tumor volume
reduction and treatment response and
may allow clinicians to adapt
strategies and make informed
decisions during the course of therapy.
20. The end of the second week of 81,8
treatment or reaching a dose of BED,,
p—s = 25 Gy represents a potential
point during radiation therapy to apply
dose escalating strategies in poor
responders.

18F-FDG PET/TC: 18F-Fluorodeoxyglucose Positron Emission Tomography/
Computed Tomography; BED: biologically effective dose; cCR: clinical complete
response; nCR: near complete response; CXB: Contact X-ray brachytherapy; DCE:
dynamic contrast-enhanced; DWI: Diffusion-weighted imaging; HDR-BT: high-
dose-rate brachytherapy; nCR: near complete response; OARs: organs at risk;
MRI: Magnetic resonance imaging; MRIgRT: MR guided radiation therapy;

74,54-112,85). In addition, the GTVn volume for Case 1 was 0,51 +
0,23 cm® (range 0,28-0,89). These results indicate a noticeable degree
of variability across observers. More detailed values for each case and
observer are available in Supplementary Table S4.

3.4. Indication for dose escalation in rectal cancer

Statement 1. Dose escalation was defined as any dose greater than 54
Gray. (Agreement: 90,9%).

Dose-response analyses have reported increased response rates with
increasing RT dose. Appelt et al. reported dose-response analyses indi-
cating that doses as high as 92 Gy (equivalent dose in 2 Gy per fraction
[EQD2]) are needed to achieve a complete histopathologic tumor
regression (TRG 1) in 50% of patients, and doses of 72 Gy or higher are
needed to achieve a major tumour response (TRG 1-2) in 50% of cT3-4
rectal tumours [12].

Radiation dose escalation in the settting of neoadjuvant treatment of
RC with planned radical TME surgery remains a matter of debate, as
supporting evidence is limited. While substantial data exist regarding
prolonged intervals to surgery, includingthe use of TNT, most studies
addressing radiation dose intensification in the neoadjuvant setting with
external beam radiotherapy (EBRT) are retrospective, often with small
sample sizes, and only a few prospective trials have been reported
[13-17].

Nevertheless, the available evidence supports a strong dose-response
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effect in rectal adenocarcinoma. Tumour regression is enhanced within
the 50.4-70.0 Gy dose range, findings corroborated by WW strategies
that typically employ doses > 54 Gy [12,18,19].

Efforts to improve cCR rates through radiation dose escalation and
intensified neoadjuvant regimens have shown encouraging results [1,3].
Several studies report higher cCR rates with these approaches; however,
variability in response, likely reflecting differences in patient selection,
and increased risk of treatment-related toxicity, remains a significant
challenges [2,20].

For example, Appelt et al. reported a 78% cCR rate with high-dose RT
(60 Gy plus brachytherapy [BT]), though with an increased risk of long-
term toxicity [3]. Similarly, Habr-Gama observed that dose escalation
(54 Gy combined with neoadjuvant chemotherapy (CHT) consisting of
5-fluorouracil/leucovorin delivered in six cycles every 21 days)
increased cCR rates to 57% [21]. A subsequent study from the same
group comparing standard chemoradiotherapy (CRT) (50.4 Gy with two
cycles of 5-FU-based CHT) with extended CRT (54 Gy with six cycles of
5-FU-based CHT) confirmed the benefit of slightly higher RT dose and
adding additional chemotherapy cycles demonstrating significantly
higher cCR rates with the escalated regimen (30% vs. 67%) [2]. Taken
together, these findings indicate that intensified treatment strategies can
improve oncological outcomes, but standardized protocols are still
lacking [22].

Statement 2. Dose escalation leads to more downstaging and more nCR/
cCR. (Agreement: 72,7%).

Organ preservation strategies are particularly appealing in clinical
contexts where Total Mesorectal Excision (TME) might otherwise be
required. TME is associated with considerable long-term morbidity:
approximately one-third of patients require a permanent colostomy, up
to 90% of those undergoing low anterior resection (LAR) experience
some degree of Low Anterior Resection Syndrome (LARS), and urinary
and sexual dysfunction occur in about 33% and 50% of cases, respec-
tively [23].

Statement 3. Dose escalation is especially indicated for tumors located at
the mid-lower rectum (near the anal verge) to avoid surgery. (Agreement:
90,9%).

Organ preservation strategies are increasingly regarded as feasible
for carefully selected patients, particularly those refusing surgery or
those with tumours located in the lower rectum where abdominoper-
ineal resection (APR) would otherwise necessitate a permanent co-
lostomy [24].

A major limitation of exclusive CRT in early RC remains the risk of
residual disease and failure to achieve cCR necessitating additional
(major) surgery and, thus, potential overtreatment in cases where
upfront CRT would not have been routinely indicated.. CRT treatment
intensification in this subgroup may increase the likelihood of achieving
cCR and adopting a conservative strategy, but needs to be balanced with
the risk and potentially increased morbidity of salvage surgery in case of
incomplete response. There are two approaches to the WW strategy:

Fig. 1. Contours generated by the panelists on the three representative clinical cases uploaded to the ESTRO FALCON platform. From top to bottom: Case 1 (A), Case
2 (B), and Case 3 (C). For each case, axial, coronal, and sagittal CT simulation slices are shown. The primary tumor volume (GTVp) is delineated in all cases, while the
nodal volume (GTVn) is contoured only in Case 1 (A). Observer delineations are displayed in red, overlaid to highlight the degree of overlap and variability across
participants. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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opportunistic and intentional. The opportunistic approach takes
advantage of achieving cCR in patients undergoing routine preoperative
CRT. Whereas in the intentional approach, the main goal of CRT is to
avoid surgery. This is achieved by radiation dose escalation, additional
CHT after CRT/RT (i.e. total neoadjuvant therapy) or delivering stan-
dard or intensified CRT to patients with small cancer, who would not
otherwise require preoperative radiation [22,25,26].

Statement 4. Dose escalation is advised in patients with multiple co-
morbidities and/or in patients who are not considered to be suitable for
surgery, with the goal of pursuing organ-preservation protocols. (Agreement:
90,9%).

In recent years, increasing attention has been devoted to balancing
curative efficacy with QoL. This has led to growing skepticism regarding
the indiscriminate use of surgery in all patients with RC [22,23]. Neo-
adjuvant therapy can be safely completed in approximately 86% of
elderly patients, with RO resection rates and recurrence outcomes
comparable to those observed in younger cohorts [27]. Advanced age
alone should not therefore be considered a contraindication to treat-
ment. However, elderly patients often present with greater surgical risks
due to comorbidities and reduced cardiopulmonary reserve, raising
concerns about the feasibility of radical procedures such as TME [27].
For frail elderly patients who are not candidates for major surgery or
CRT, modern RT techniques, including volumetric modulated arc ther-
apy (VMAT), MRI-guided RT (MRIgRT), and endoluminal BT, represent
viable non-operative alternatives [28].

High-precision RT with dose escalation is particularly advantageous
in this vulnerable population, as it provides durable local tumor control,
reduces disease-related complications, and enhances QoL. Conversely,
radical surgery in elderly patients carries significant perioperative risk,
with mortality rates reaching up to 36.8% in specific subgroups and
even higher among the frailest patients [29]. In this context, NOM has
emerged as an important therapeutic strategy, allowing effective local
disease control. Recent studies have reported encouraging results with
NOM, including a 3-year overall survival rate of 97% in selected elderly
patients [30].

3.5. Advanced approach of dose escalation

Statement 5. There is no strict guidance on techniques and modalities of
boost administration. It can be administered either sequentially or simulta-
neously. The latter is preferred in the setting of dose escalation. (Agreement:
90,9%).

There is currently no strict consensus regarding the optimal strategy
for EBRT boost delivery in RC dose escalation. Comparative analyses of
dosimetry, toxicity, and survival outcomes have reported similar results
across different approaches [31]. A recent study of 88 patients treated
with neoadjuvant CRT using VMAT showed that the Simultaneous In-
tegrated Boost (SIB) reduced doses to all organs at risk (OARs), except
for the bladder and bowel maximum dose and the right femoral head
mean dose, when compared to sequential boost [32]. While SIB appears
advantageous for dose escalation, sequential boosting retains the benefit
of facilitating adaptive treatment modifications [32]. Although tumor
regression predominantly occurs during the early phase of CRT and
slows thereafter [33], suggesting a potential rationale for sequential
strategies, SIB may offer greater flexibility for adaptive planning during
treatment.

Statement 6. Dose escalation strategies to at least 60-62 Gy may be
considered if the tumour is within 6 cm of the anal verge. In such cases,
endoluminal approaches like CXB or HDR-BT, as well as advanced tech-
niques, such as MRIGRT, should be considered, based on expertise and
availability. (Agreement: 85,7%).

Beyond EBRT, dose escalation has been explored through endolu-
minal radiotherapeutic modalities. Endorectal high-dose-rate brachy-
therapy (HDR-BT) is particularly suitable for small tumors, as it
improves dose conformity while sparing adjacent tissues [34]. Contact
X-ray brachytherapy (CXB) and HDR-BT have both been evaluated in
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randomized trials [1,35]. Magnetic resonance image-guided RT has
recently emerged as a promising tool to enable adaptive RT (ART) for
RC. A prospective phase II trial evaluated high-dose RT (62 Gy in 28
fractions) with CHT and reported that 86% of patients achieved a cCR,
with 61% maintaining sustained cCR at 2 years. Overall survival at 30
months was 94.8% with manageable toxicity, demonstrating the feasi-
bility of organ preservation with modern RT [36]. Based on these results,
a randomised trial is currently ongoing to compare rectal preservation
rates between a 62 Gy boost and standard CRT at 50.4 Gy
(NCT04095299) [37]. Additional prospective studies have further
confirmed the safety and feasibility of MRIgRT-based dose escalation, up
to 60.1 Gy, including tumors in the lower rectum [38-41].

Statement 7. CXB and HDR endoluminal BT are two alternatives to dose
intensification on the GTV when a conservative approach is desired.
(Agreement: 100%).

In the OPERA [1] trial patients received a CXB boost of 90 Gy in 3
fractions over 4 weeks, delivered before or after EBRT depending on
tumor size, while in the MORPHEUS trial [35] the boost arm consists of
three weekly HDR endorectal BT boosts (total 30 Gy) following EBRT. In
the OPERA trial, most rectal bleeding events in the CXB boost arm were
mild (grade 1-2, 63%) and resolved over time, with grade 2-3 proctitis
in 13% of patients. In the MORPHEUS trial, acute toxicities were similar
between image-guided adaptive radiotherapy (IGAEBT) and standard
EBRT, with only 2 patients (10%) in the IGAEBT arm experiencing grade
3 proctitis, both of which resolved with local treatment [1,35]. These
approaches demonstrated that dose escalation using BT can be safely
delivered after CRT, supporting organ-preservation strategies. For pa-
tients achieving a cCR, this may allow safe avoidance of radical surgery
while maintaining anorectal function and QoL. However, clinical
application remains limited to specialized centers with the necessary
expertise and equipment.

Statement 8. Studies in rectal cancer using proton beam therapy have
shown promising results for sparing OARs, but further research is needed to
validate its use. (Agreement: 90,9%).

Proton beam therapy (PBT) offers the potential to reduce radiation
exposure to OARs while preserving tumor coverage. Compared with
conventional techniques, PBT significantly decreases the volume of
irradiated small bowel at higher doses [42] and reduces irradiation of
the bladder and pelvic bone marrow [43,44]. Although data on urinary
dysfunction are limited [45], PBT has shown promise in reducing
bladder irradiation [44]. Widespread clinical adoption is hindered by
cost, limited availability, and the lack of randomized controlled trials.
Nevertheless, cost-effectiveness analyses suggest potential long-term
benefits, particularly through reduced late toxicity and improved QoL
[46,47].

3.6. GTYV definition

Statement 9. GTV is represented by primary tumour (GTVp) and may
include lymph node disease (GTVn) and tumoral deposits (Nc). (Agreement:
70%).

In the recent studies, GTV is defined by the primary tumour (GTVp)
and, in some cases, by positive lymph nodes (GTVn) and tumoral de-
posits (nC) (Supplementary Table S1) [15,48-53].

Statement 10. Magnetic resonance imaging (MRI) is mandatory to define
GTV boost volume. It is the gold standard technique for both primary staging
and restaging of rectal cancer, as well as for complete assessment of all
compartments and lymph nodes. (Agreement: 90,9%).

For defining the boost GTV, MRI is required. A minimum MRI pro-
tocol should include 2D T2-weighted sequences acquired in three planes
(axial, sagittal, and coronal). Coronal images should be angulated par-
allel to the tumor, and an axial diffusion-weighted sequence (with at
least a high b-value of > b800) should also be included. Diffusion-
weighted imaging (DWI) should be assessed visually on both DWI and
apparent diffusion coefficient (ADC) maps, while quantitative ADC
measurements are not routinely recommended. DWI-MRI should be
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performed routinely, especially for restaging to evaluate tumor response
(yT stage) after CRT. Conversely, fat-suppressed T1-weighted sequences
(non-enhanced and contrast-enhanced) and dynamic contrast-enhanced
(DCE) sequences are not routinely advised [54,55].

Image acquisition should be tailored to the rectal tumor axis: oblique
high-spatial resolution transverse T2-weighted sequences, should be
angulated perpendicular to the tumor. For distal tumours, a coronal
sequence aligned with the anal canal is recommended to assess the
tumor-sphincter relationship. Slice thickness should be < 3 mm [55].
For RT planning, the clean, non-angulated axial T2 sequence may pro-
vide valuable information.

Statement 11. Endorectal filling in diagnostic rectal MRI is not recom-
mended. (Agreement: 100%).

International guidelines recommend the use of a micro-enema to
reduce the amount of luminal gas [55]. Endorectal filling in rectal MRI is
not recommended, because distention of the rectal wall may interfere
with interpretation of the distance between the tumour and the meso-
rectal fascia. Another potential disadvantage of rectal gel filling is that
the high T2 signal of the gel may cause T2 shine through effects on DWIL.

Statement 12. In an organ preservation approach, in order to boost pos-
itive nodes, both morphological and dimensional criteria should be considered
in the radiological evaluation of suspicious mesorectal lymph nodes.
(Agreement: 100%).

Accurate reporting of (lateral) lymph nodes requires high resolution
T2-weighted images (slice thickness < 3 mm, 23 plane resolution of +
0.6 x 0.6 mm). At least one sequence with a large field of view (FOV)
should cover the craniocaudal plane from the sacral promontory to the
anal canal, enabling evaluation of lateral compartments and all relevant
nodal stations [56]. The Dutch Criteria, endorsed by ESGAR and the
Society of Abdominal Radiology’s Colorectal and Anal Cancer Disease-
Focused Panel, should be applied to determine which pathological
nodes require a boost. According to these criteria, suspicious mesorectal,
superior rectal, and inferior mesenteric nodes include: (i) short-axis
diameter > 9 mm; (ii) diameter 5-8 mm with > 2 suspicious features
(irregular borders, heterogeneous signal, round shape); (iii) diameter <
5 mm with > 3 suspicious features; or (iv) mucinous nodes of any size
[55].

More recently, the Lateral Node Consortium has emphasized nodal
size over morphology in predicting risk. Specifically, lateral pelvic nodes
(internal iliac and obturator) > 7 mm are associated with increased risk
of local recurrence following CRT and LAR in cT3/4 tumors < 8 cm from
the anal verge. Therefore, all visible lateral nodes should be reported,
including location and short-axis diameter [56,57].

Statement 13. DWI MRI, DCE MRI are not recommended to detect
involved lymph node. (Agreement: 90,9%).

DWI-MRI may improve lymph node visibility, but highlights both
positive and negative nodes and quantitative ADC measurements have
limited discriminatory value [56]. While DCE-MRI has shown promising
results, no consensus currently supports its routine clinical use in RC
nodal assessment [55,58].

Statement 14. 18F-FDG PET/CT may be helpful as a problem solver in the
case of (large) equivocal nodes on MRI. (Agreement: 80%).

18F-Fluorodeoxyglucose Positron Emission Tomography/Computed
Tomography (18F-FDG PET/CT) is not routinely advised for RC staging
and appears to have limited value for assessment of smaller nodes
considering these may fall under the detection limit and/or are obscured
by uptake from the tumor or bladder. Therefore, 18F-FDG PET/CT may
serve as a problem-solving tool for large or equivocal nodes on MRI [56].

Statement 15. There is no evidence that 18F-FDG PET/CT provides a
significant contribution to the definition of a biological target volume for
radiotherapy treatment planning (Agreement: 78,6%).

Although 18F-FDG PET/CT has proven useful for RT planning in
other tumor types [59], it is not routinely recommended for rectal
cancer.
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3.7. GTV-CTV delineation

Statement 16. For the delineation of the GTV, the use of the MR co-
registered with the simulation CT is recommended. (Agreement: 72,7%).

Image fusion with the planning CT scan is strongly recommended
[60]. For target delineation, a preferably non-angulated MRI should be
used to ensure reliable co-registration with the planning CT. However,
this approach is limited by internal organ motion between the two scans,
which reduces spatial accuracy. To overcome this issue, some in-
stitutions have adopted MR-only workflows, where dose distribution is
calculated directly on MR images after assigning Hounsfield unit values
through artificial intelligence algorithms. A practical strategy to
improve consistency would be to acquire both diagnostic MRI and CT
simulation under the same rectal and bladder filling conditions, thereby
maximizing the accuracy of GTV definition on CT. Within this context,
synthetic CT (sCT) has emerged as a promising tool, particularly in MR-
only workflows. By providing improved soft-tissue contrast, more ac-
curate dose calculations, and avoiding MRI-CT registration errors, sCT
has the potential to enhance delineation of lateral nodal compartments
and reduce inter-observer variability. Nevertheless, current evidence is
insufficient to confirm these benefits, and further research is required to
determine whether delineating directly on the planning MRI improves
accuracy and reproducibility [55]. Interestingly, although endorectal
ultrasound gel is not recommended for diagnostic MRI, its use has been
shown to improve inter-observer concordance in MRI-based rectal
tumor delineation. This suggests a possible role in future dose-escalation
strategies [61].

Statement 17. A 0.5 cm margin from GTVn to CTVn may be considered.
(Agreement: 81,8%).

When considering nodal target volumes, RT dose escalation may
represent an alternative to surgery for patients with positive lateral
pelvic lymph nodes. Reported GTVn-to-CTVn expansions range from 0
cm [48,62] to 0.5 cm [52] (Table 2).

3.8. GTV evaluation during RT

Statement 18. Rectal cancer patients undergoing chemoradiation expe-
rience a reduction in tumor volume, with the most substantial decrease
observed in the first half of treatment. (Agreement: 90,9%).

Tumor shrinkage during preoperative CRT adds another layer of
complexity. Van den Begin et al. [33] showed that rectal tumors shrink
rapidly from the first treatment week, with residual volumes of 46.3% at
the end of CRT and 32.4% at surgery. The shrinkage rate was initially
high (26% per week), slowing progressively in the later treatment
phases (7% per week in the final two CRT weeks and 1.3% per week in
the five weeks preceding surgery). These kinetics may help identify early
non-responders, support ART strategy, and guide WW strategies.

Statement 19. The intermediate MRI, acquired both by MR Linac and
diagnostic MRI, provides valuable information on tumor volume reduction
and treatment response, may allow clinicians to adapt strategies and make
informed decisions during the course of therapy. (Agreement: 81,8%).

MRI has also been explored as a tool for early response prediction.
DWI represents another promising avenue. Kim et al. [63]demonstrated
the superior prognostic value of early tumor volume reduction, while
Lambrecht highlighted the role of pre-treatment ADC values and their
dynamic changes during CRT in predicting pathological response [64].

Taken together, these findings reinforce the rationale for integrating
advanced MRI techniques into RT workflows. Serial imaging before,
during, and after CRT not only refines target delineation but also enables
response-adapted treatment strategies, supporting individualized ther-
apy and the potential for dose escalation in selected patients [63,64].

Statement 20. The end of the second week of treatment or reaching a dose
of BEDa/} = 5 = 25 Gy represents a potential point during radiation therapy
to apply dose escalating strategies in poor responders. (Agreement: 81,8%).

Palmisano et al. [65] demonstrated that tumor volume assessed after
nine CRT fractions (20.7 Gy) could stratify patients into complete,
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Panelist-derived definitions of GTVp (gross tumor volume—primary tumor), GTVn (gross tumor volume-nodes), and the corresponding CTVp and CTVn (clinical target
volumes primary tumor and nodal), with supporting notes. Recommended structure naming follows ICRU recommendations and AAPM TG-263 [71].

Name of Abbreviation  Definition Notes
volume
GTV primary GTVp Macroscopic primary tumor MRI is mandatory and endorectal filling is not recommended.
MRI co-registered with the simulation CT is recommended.
The role of 18F-FDG PET/CT has not been clearly established.
GTV node GTVn Pathological lymph nodes according to size and morphologic MRI is mandatory.
features. GTVn includes lymph node disease (GTVn) and tumoral deposits (Nc).
CTV primary CTVp The volume that might contain significant microscopic subclinical The range of the margin varies from 0 to 2 cm.
disease. In some cases, CTVp is defined as primary tumor plus associated
mesorectum
CTV node CTVn A 0.5 cm margin from GTVn to CTVn may be considered.

partial, and non-responders using both absolute volume (Vmid) and its
variation (AVmid). Fiorino et al. [66] developed the Early Regression
Index-Tumor Control Probability (ERI-TCP), an MRI-based predictive
model of response to neoadjuvant CRT, which achieved high accuracy
(AUC = 0.81/0.75 for pCR/cCR, p < 0.0005) with strong sensitivity and
negative predictive value. Building on these insights, a phase II trial
tested an MR-guided adaptive boost up to 60.1 Gy for ERI-TCP-identi-
fied non-responders at the 10th treatment session, with the aim of
increasing complete response rates. Interim results confirmed the safety
and feasibility of this adaptive strategy [38].

4. Discussion and future perspectives

The Delphi process enabled the panel to reach consensus on the
definition and delineation of GTV for both GTVp and GTVn in the
context of dose escalation for rectal cancer. Dose escalation was defined
as any RT dose above 54 Gy, with particular relevance for tumors
located in the mid-to-lower rectum, where conventional surgery would
otherwise result in a permanent stoma or significant functional
morbidity. In these patients, RT intensification offers a realistic oppor-
tunity for organ preservation, a goal that has become increasingly cen-
tral in modern rectal cancer management. For GTVp the panel’s
recommendations are strongly supported by current evidence. Data
indicate that, particularly in low, non-operable cancers, a dose of at least
54-60 Gy is required to achieve clinically meaningful rates of complete
response [12,18,21]. Several techniques — including CXB, HDR
endorectal BT, and MRI-guided adaptive RT — have further demon-
strated the ability to increase tumor regression and sustain long-term
organ preservation [1,34,35,38,39]. These findings are echoed in the
2025 ESMO guidelines, which explicitly recognize endorectal BT after
standard CRT as a validated dose escalation strategy in selected early
c¢T2-cT3 tumors < 5 cm, when an non-operative approach is pursued
[671.

Conversely, the situation is less clear for GTVn. No consensus was
achieved regarding GTVn, reflecting the absence of prospective evi-
dence to support nodal dose escalation and the persistent uncertainty
surrounding its potential benefits. The panel agreed that only large
multicenter databases and prospective trials will be able to clarify
whether this strategy could improve outcomes without compromising
safety.

Consistently, the 2025 ESMO guidelines emphasize both the lack of
supporting evidence for nodal dose intensification and the inherent
limitations of MRI-based nodal staging, thereby reinforcing the need for
prospective validation before such an approach can be incorporated into
clinical practice [67].

Imaging emerged as another important area of convergence. MRI
was confirmed as the gold standard for GTV definition, both at staging
and restaging, in line with ESGAR and other international guidelines
[55]. In contrast, 18F-FDG PET/CT was judged not to contribute
meaningfully to either GTV delineation or treatment response assess-
ment. Its use should therefore remain confined to problem-solving in

cases of equivocal MRI findings. This position is in line with the 2025
ESMO guidelines, which do not include 18F-FDG PET/CT in the stan-
dard diagnostic or treatment planning workflow for localized rectal
cancer [67].

Although there is general agreement on the use of imaging modal-
ities, the optimal margin from GTVp to CTVp remains an unsettled issue.
Reported margins vary widely, from 0 cm [49-53,60] to 2 cm [52,53]
(Tablel).Across studies, a shared principle is that diagnostic imaging
must be integrated with CT simulation to ensure accurate target
definition.

Some groups defined CTVp as the GTVp, plus a 2 cm cranio-caudal
margin along the rectal circumference [68], whereas others included
the entire mesorectum within the CTVp [48,69,70].

Looking ahead, several research directions appear critical. These
include the prospective evaluation of dose intensification to nodal tar-
gets; the development of imaging- and risk-adapted approaches to
GTV-CTV margin definition, and the integration of functional imaging
— particularly diffusion-weighted imaging — for early response pre-
diction and adaptive treatment individualization. Collectively, these
directions reflect the broader movement toward personalized treatment,
in which radiation dose, margins, and delivery technique are tailored to
tumor biology and early indicators of response. In this evolving land-
scape, novel technologies — including BT, MRIgRT, and PBT — repre-
sent promising tools to refine dose escalation strategies, with the aim of
maximizing tumor control while minimizing toxicity and preserving
long-term function.
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