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Abstract | Rectal cancer treatment has evolved during the past 40 years with the use
of a standardised surgical technique for tumour resection: total mesorectal excision. A
dramatic reduction in local recurrence rates and improved survival outcomes were
consequences of a better understanding of the surgical oncology of rectal cancer, and
the advent of adjuvant and neoadjuvant treatments to compliment surgery paved the
way for a multidisciplinary approach to disease management. Further improvements
in imaging techniques and the ability to identify prognostic factors, such as tumour
regression, extramural venous invasion, and threatened margins, introduced the
concept of decision-making based on preoperative staging information. Modern
treatment strategies are underpinned by accurate high-resolution imaging guiding both
neoadjuvant therapy and precision surgery, followed by meticulous pathological
scrutiny identifying the important prognostic factors for adjuvant chemotherapy.
Included in these strategies are organ-sparing approaches and watch-and-wait
strategies in appropriate patients. These pathways rely on close working of interlinked
disciplines within the multidisciplinary team. Such multidisciplinary forums are
becoming standard in the treatment of rectal cancer across the UK, Europe, and more
recently, the USA. This Review examines the essential components of modern-day
management of rectal cancer through a multidisciplinary team approach, providing
information that is essential for any practising colorectal surgeon to guide the best
patient care.
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Key Points:


As rectal cancer treatment becomes more precise, high-resolution imaging
techniques have been established to identify important tumour characteristics
that help guide management.



High-resolution magnetic resonance imaging scans are increasingly dictating
treatment strategies by providing predictive and prognostic information related
to the tumour, and are a standard part of the patient investigation pathway.



Surgical management depends on patient and tumour factors with an aim to
optimise function and survival with the lowest risk of recurrence.



Multiple approaches are currently available for resection, including radical
surgery involving excision of the rectum and associated mesentery and organsparing techniques involving local excision of the lesion or deferring surgery
altogether.



The pathological assessment of the resected rectal cancer specimen provides a
level of quality control ensuring that surgical principles have been adhered to
and that the surgery was performed in an optimal oncological manner.



Multidisciplinary team presentation of imaging data, evidence-based
oncological, surgical and functional recommendations, in addition to
pathological assessment of surgical quality, is an essential part of formalised
cancer care.
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[H1] Introduction
Colorectal cancer is the third most common cancer and the second leading cause of
cancer death globally, with rectal cancer accounting for one third of these cases 1.
Although there is an overall trend of decreased incidence and mortality from
colorectal cancer, the incidence of rectal cancer in patients younger than 50 years has
been exponentially increasing, with rates estimated to rise 124.2% for patients 20 to
34 years of age by 2030 in the United States2,3 (FIG. 14); similar trends are seen in
Europe5. In all patients, rectal cancer has a substantial physical, emotional and
financial burden. The treatment of rectal cancer is evolving, and determining the ideal
treatment plan is a multifaceted process that requires consideration of patient
preferences, tumour characteristics, intent of the surgery and functional outcomes.
Appropriate patient selection with respect to surgical treatment options and the use of
multimodality

therapy

could

substantially

affect

recurrence

and

survival.

Traditionally, using the tumour–node–metastasis (TNM) staging system, locally
advanced disease — T3–4, node-negative (N0) or node-positive disease without
distant metastasis (N1–2M0) — was recommended to undergo neoadjuvant
chemoradiotherapy and adjuvant chemotherapy to reduce the risk of locoregional
recurrence. However, tumour behaviour, biomarkers and regional differences in the
use of neoadjuvant and adjuvant therapies are now considered when recommending
therapy. Several landmark trials established the dose, timing and outcomes of
radiotherapy and chemotherapy in the treatment algorithm for rectal cancer (Table 1)

The need for, and optimal timing of, surgical resection after neoadjuvant treatment
continue to evolve. As tumour regression seems to be a time-dependent phenomenon,
initial data provided by retrospective series suggested that longer interval periods
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would lead to greater probability of achieving a complete pathological response6,7.
However, prospective randomised trials have failed to provide evidence for routinely
delaying definitive surgery at the cost of a potentially worse surgical specimen,
commonly credited to the scarring or fibrotic effects of radiation8,9. The treatment
strategies for planning care or timing for the best oncological and functional outcomes
are underpinned by accurate high-resolution imaging, guiding both neoadjuvant
therapy and precision surgery, followed by meticulous pathological assessment. With
advances in prediction and prognostication of treatment response and oncological
outcomes, the multidisciplinary team (MDT) has great potential to guide the treatment
plan using all data, images and expert opinion. In this Review, we aim to provide an
overview of modern rectal cancer management, with a focus on the effect of the MDT
and the elements used for staging and developing the treatment plan.

[H1] Using MRI to guide treatment
As rectal cancer treatment becomes more precise, high-resolution imaging techniques
help to identify important tumour characteristics, which then determine management
strategies. Since its initial recommendation to be included in the assessment of rectal
cancer over the past decade10,11, MRI scans are increasingly dictating treatment
strategies by providing predictive and prognostic information related to the tumour,
and now form a standard part of the patient investigation pathway. An example of
how MRI can be used to guide treatment by the MDT is seen in FIG 2.

High-resolution imaging has taken an increasingly central role in treatment decisionmaking in rectal cancer. Much of the complexity of rectal cancer surgery and the
factors that determine use of oncological therapy and potentially predict outcomes can
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be identified with great clarity and reproducibility on MRI and CT imaging. These
two modalities are able to stage local and distant disease, respectively. This Review
will concentrate on local staging and the importance of MRI in treatment planning.
The information obtained during local staging serves both surgical and oncological
treatment planning.

[H2] Threatened circumferential resection margin.
The most important factor in determining the risk of local recurrence and the need for
neoadjuvant treatment is the proximity of the tumour to the mesorectal fascia (MRF),
which forms the outermost boundary of the mesorectum. It has been shown that
tumours (including a mesorectal tumour deposit or a metastatic lymph node) within 1
mm of the MRF on preoperative imaging are associated with a substantially increased
risk of local recurrence, constituting a threatened circumferential resection margin
(CRM)12 (FIG. 3a). As the accuracy of MRI has improved with a better understanding
of a standardised imaging protocol13, this level of detail can be seen on T2-weighted
images (T2WI MRI)14. Identifying a tumour within 1mm of the MRF on MRI is an
indication for neoadjuvant long-course chemoradiation if curative resection is
planned15.

[H2] T3 sub-stage and T4 tumours.
A tumour close to the MRF must be differentiated from the extent of tumour
penetration into the mesorectum and anatomically adjacent organs (FIG. 3b). These
findings are conceptually and prognostically separate entities. The mesorectum varies
in its extent along the length of the rectum. Tumour penetration into the mesorectum
is a sub-classification of the T-staging system, referred to as T3 sub-stage. Willett,
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Hermanek and Merkel were amongst the first to show the prognostic heterogeneity of
T3 tumours16–18, which can be accurately seen on T2WI MRI19. This method has led
to the selective use of chemoradiotherapy based on T3 sub-stage, as not all T3
tumours are associated with poor prognosis. T3a/b tumours (<5mm penetration
beyond the muscularis propria) are ‘good prognosis’ tumours and need not be
subjected to chemoradiotherapy in the absence of other risk factors, such as positive
nodes, extramural venous invasion or lymphovascular invasion. T3c or T3d tumours
(5–15 mm or >15 mm beyond muscularis propria, respectively) are considered ‘poor
prognosis’ tumours and should be irradiated in a long-course chemoradiotherapy
regime10,11. The other distinction from a threatened CRM is invasion into the
surrounding structures, such as pelvic wall, vagina, prostate, bladder or seminal
vesicles, as seen in T4b tumours. These tumours might be considered for more radical
surgery involving en-bloc resection of more than just the rectum. Invariably, these
tumours will need neoadjuvant treatment but accurate imaging and understanding the
extent of disease through a compartment-based grading system can help determine the
optimal strategy20,21.

[H2] Differentiating cT3a versus cT2 tumours.
Distinguishing between T2 and early T3 (cT3a) rectal cancers can be challenging with
MRI. However, experts will agree that such differentiation is irrelevant from a
practical standpoint. Studies have shown that patients with T3a and T2 rectal cancers
showed very similar 5-year overall survival when either lymph node negative (91.2%
versus 93.6%, respectively) or lymph node positive (77.8% versus 82.8%,
respectively)16. T2 and early T3 cancers rarely threaten the CRM and usually
constitute good candidates for total mesorectal excision (TME) alone, provided there
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are no additional risk factors. Data are evolving that suggest that T2 cancers might
behave differently from cT3 (including cT3a) lesions in terms of response to
neoadjuvant chemoradiation. Studies on patients who obtain a complete clinical
response after neoadjuvant chemoradiotherapy show that increasing cT stage was
associated with increased risk of local regrowth (random-effects hazard ratio per cT
stage: 1·40, 95% CI: 1·00–1·94; P= 0·048). 2-year cumulative incidence of local
regrowth was 19% (95% CI: 13–28) for stage cT2 tumours and 31% (95% CI: 26–37)
for cT3 tumours22. Local recurrence-free survival has also been shown to be
significantly better for patients with cT2 tumours than those with cT3 tumours at 1
year after neoadjuvant chemoradiotherapy (96% versus 69%; P=0.009), with a lower
baseline T stage serving as an independent predictor of improved local recurrencefree survival at 1 year (OR=0.09 95% CI: 0.01–0.81; P=0.03) 23. Such differentiation
might become clinically relevant for the purpose of multidisciplinary discussion when
tumour response is anticipated and relevant for the decision management process.

[H2] Extramural venous invasion.
The observation that venous invasion with rectal cancer is associated with poor
prognosis dates back to the 1930s24; however, with the lack of a standardized
definition of venous or vascular invasion, venous invasion has only become an
accepted marker of poor prognosis in the past 5 years. Talbot first described the
important distinction between large and small vessel disease in rectal cancer25, which
can be seen with great accuracy on T2WI MRI26,27. The importance of MRI-detected
extramural venous invasion (EMVI) is now well established; poor disease-free
survival outcomes and even an increased risk of local recurrence have been reported
when EMVI is seen on baseline staging or reassessment scans26,28. EMVI can
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potentially be used as an imaging biomarker and regression of large-vessel disease is
correlated with reduced risk of recurrence29. Perhaps the importance of EMVI is most
marked in stratifying T2 tumours that would benefit from adjuvant chemotherapy
versus intensified neoadjuvant treatment regimes in resistant tumours30,31. Figure 4
shows an example of EMVI.

[H2] Nodal disease.
Nodal disease is associated with a risk of disease recurrence but the risk profile has
changed due to modern surgery and the risk is now associated with distant disease
rather than local failure32,33. MRI is the optimal modality for identifying nodal disease
using signal heterogeneity and irregular borders to predict tumour infiltration34. Yet
even in the most capable hands, sensitivity and specificity is not ideal. The
importance of mesorectal nodes is often overstated and, in reality, staging nodal
disease might not be as important as it first seems as nodal status is less relevant for
guiding treatment plans. Pretreatment, sub-centimetre nodes cannot be wellcharacterised on T2WI MRI and overtreatment should be avoided, but patients with
N2 disease (metastasis in four or more regional lymph nodes) often have large,
obvious nodes and their appearance on MRI will influence treatment choice regarding
the limitations of the surgical resection, chemotherapy used and timing. Nodal
disease remains a concern for local recurrence and some centres routinely offer
neoadjuvant chemoradiotherapy to patients with N1 disease. This approach is based
on historical data, and might subject patients to a morbid treatment with little, if any,
advantage if a proper TME surgery is performed. The MRC-CR07 trial demonstrated
that when the plane of surgery is complete, there is little benefit for neoadjuvant
treatment for nodal disease alone35. Thus, malignant nodes within the surgical
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specimen are another reason for offering adjuvant chemotherapy to mitigate the risk
of distant disease recurrence. However, there are regional differences in use of
chemotherapy for node positive disease and enthusiasm has developed for delivering
the chemotherapy in a neoadjuvant rather than adjuvant setting36.

[H1] Neoadjuvant treatment
Once the treatment decision is made for a patient with rectal cancer to have
neoadjuvant therapy, three evidence-based approaches are currently supported: longcourse chemoradiotherapy; induction chemotherapy followed by long-course
chemoradiotherapy; and short-course radiotherapy with increasing use of regimens
where all chemotherapy is delivered upfront (total neoadjuvant treatment) and
consolidation

approaches

(delivering

chemotherapy

after

chemoradiotherapy

completion and before surgery)10,11,36–38. The choice of treatment depends on the
tumour prognosis, regional preferences, patient fitness and MDT decision. Longcourse chemoradiotherapy delivers 45–50 Gy of external-beam, intensity-modulated
radiation therapy over 25 to 28 daily fractions, with concomitant radiation-sensitizing
fluoropyrimidine-based chemotherapy, such as oral capecitabine, continuous infusion
5-fluorouracil or bolus 5-fluorouracil with leucovorin. Short-course radiotherapy aims
to sterilize the mesorectal fat before surgery and the regimen does not include
chemotherapy. Patients receive 5 Gy per day for 5 days total, then typically proceed to
surgery within 1–2 weeks. Short-course radiotherapy has been shown to be
noninferior to traditional long-course chemoradiotherapy in relation to 3-year local
recurrence, distant recurrence, relapse-free survival, overall survival or late toxicity in
T3N0–2M0 rectal adenocarcinoma within 12 cm from anal verge39. Long-course
chemoradiotherapy might be more effective in reducing local recurrence for distal
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tumors, and is more appropriate for T4 tumors and those threatening the anal
sphincters than short-course chemoradiotherapy because of the time needed for
downsizing before surgery40,41. Induction chemotherapy or total neoadjuvant therapy
(TNT) regimens use upfront combination chemotherapy with 5-fluorouracil (or
capecitabine), oxaliplatin, and leucovorin for 3–6 cycles before the proceeding longcourse radiotherapy. This approach offers early systemic control, helps avoid
postoperative chemotherapy-related toxicity and improves completion rates by
delivering the therapy before surgery when the patients are most fit and compliant
41,42

. Studies show that TNT has similar oncological outcomes to postoperative

chemotherapy, facilitates delivery of planned systemic therapy and nonoperative
treatment strategies aimed at organ preservation, and is more cost-effective

36,42,43

.

Long-term recurrence and survival outcomes data with TNT are pending.

[H2] Reassessment after neoadjuvant treatment.
The standard for reassessing disease after neoadjuvant treatment and the role of MRI
has not yet been fully defined. Perceived difficulty in interpretation of images
following the fibrotic effects of radiotherapy has affected the utility of T2WI MRI as
a useful assessor of treatment response. There are several reports of good correlation
with pathology, but these studies reflect outcomes at high-volume expert centres,
where results are not globally reproducible.14,44,45. As more novel MRI derivatives
using innovative sequences are developed, such as Diffusion Weighted Imaging
(DWI), interpretation of response to treatment might become more objective46.
Another concern is that reassessment might be a redundant exercise, as the treatment
strategy is infrequently changed. However, this argument ignores the precious
prognostic and predictive information available from MRI, which could be obtained
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from reassessment and might potentially help shape future guidelines. It also deprives
the patient from knowing whether they are in the 20% of patients who have had a
complete response from neoadjuvant treatment. These patients might be able to avoid
surgery altogether47–49.

There has been a paradigm shift in planning the best interval between long-course
neoadjuvant therapy and surgery. Traditional thinking relied on a waiting period of 8–
12 weeks for optimal downstaging of the disease and complete clinical response40.
However, the radiation-associated fibrosis from extended waiting periods prior to
surgery (>8 weeks) creates a technically more challenging operation with a worse
TME specimen, contributing to reduced rates of sphincter preservation and increased
postoperative morbidity9,41. Although there is a lack of consensus from current
practice guidelines, the evidence currently supports surgery 5–12 weeks following the
completion of long-course chemoradiotherapy50. An algorithm of an example of the
MDT discussion is seen in FIG 5.

[H1] Surgical options
Surgical management depends on patient and tumour factors with an aim to optimise
function and survival with the lowest risk of recurrence. The clinical assessment of
rectal cancer from physical exam by a colorectal surgeon is essential in determining
the treatment scheme, including noting the location, mobility, proximity to sphincter,
and condition of pelvic floor. With this baseline information, multiple tools are
currently available for resection, with ongoing research on new minimally invasive
and non-operative approaches. The main schools of thought are radical surgery
involving excision of the rectum and associated mesentery, and organ-sparing or
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preservation techniques involving local excision of the lesion or deferring surgery
altogether.

[H2] Radical surgical approaches.
The primary goal of rectal cancer surgery is to achieve complete excision of the
tumour and surrounding mesorectum with a tumour-free margin, termed R0 resection.
This end point has been proven to have the greatest effect on recurrence and overall
survival

35

. TME, in which the primary tumour is resected along the embryological

fascial planes with all associated lymphatics, remains the gold standard for curative
resection, decreasing local recurrence rates and improving survival51 (FIG 6). In
patients in whom a restorative procedure is not possible owing to tumour location,
invasion or involvement of the sphincter complex that may impair continence, an
abdominoperineal resection might be the best surgical option. In the absence of these
features, sphincter preservation with a restorative proctectomy is usually feasible. In
restorative proctectomy, a defunctioning stoma has been recommended to reduce the
morbidity associated with an anastomotic leak rate, especially in patients undergoing
low rectal cancer surgery, in whom limited reconstructive options exist and a leak
could have a devastating short-term medical and longer term functional and
oncological effects52. However, there are risks associated with a temporary stoma,
including dehydration, renal failure, inability to reverse the stoma, as well as risks
from the stoma reversal procedure53,54. Nonetheless, stomas can protect patients with
a colorectal or coloanal anastomosis from postoperative sepsis, reduce delays to
adjuvant chemotherapy, decrease the need for reoperation to repair an anastomotic
leak and might even decrease the anastomotic leak rate55,56.
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Several options are available for resection, including open, laparoscopic, hand
assisted, robotic and transanal approaches (FIG. 7). Laparoscopic surgery was
introduced in the early 1990s, and despite early concerns, oncologic equivalency and
short-term clinical benefits over open surgery have been reported for rectal
cancer35,57,58. Reported outcomes with a TME were improved in both open and
minimally invasive approaches35,59–63. Preliminary results from the ACOSOG Z6051
(240 laparoscopic surgeries and 222 open surgeries) and ALaCaRT (194 laparoscopic
surgeries and 208 open surgeries) trials questioned the oncological equivalence of the
laparoscopic approach for rectal cancer

64,65

. Results from these key trials are shown

in Table 2 and Table 3. These reports were not intended to be a moratorium for
laparoscopic rectal cancer66; however, they have focused attention on other surgical
options, such as robotic and transanal approaches. Fortunately the longer term reports
found no statistically significant differences in oncologic outcomes between
laparotomy and laparoscopy67,68. With laparoscopy, there are anatomical, technical
and visual limitations. Robotic assisted surgery was introduced to address these
limitations, and results have suggested comparable oncologic outcomes, but with
longer operative times and higher costs69–71. The randomized controlled multicentre
international ROLARR trial found no oncological differences between robotic and
laparoscopic TME in 466 patients71. Thus, the MDT needs to weigh the costs and
benefits for the robotic approach in rectal cancer resections.

The transanal TME (TaTME) is the newest minimally invasive approach, combining a
minimally invasive abdominal TME with a transanal endoscopic resection

72

. Under

endoscopic visualisation, the rectum is circumferentially mobilised and the dissection
continued proximally in the avascular TME plane towards the peritoneal reflection,
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meeting the abdominal mobilisation. Since inception in 2010, this ‘bottom up’
approach, in which the resection incorporates procedures through both an abdominal
and transanal approach, has proven safe and feasible, with theoretical advantages of
access and visualisation in the most challenging portion of a proctectomy, which
could make this technique the gold standard for low rectal cancer resection73–75. Many
publications have demonstrated its safety, feasibility and short-term oncological
acceptability74–81. An international registry, controlled trials and standardised training
programs are underway for further outcomes and safe expansion of this technique82–84.

[H2] Organ sparing approaches.
Local transanal excision might be an option for highly selected patients with small
(<3cm), low (within 8cm of the anal verge) and well-to-moderately differentiated
rectal tumours that are limited to <30% of the lumen and with no evidence of nodal
involvement41. Transanal endoscopic surgery (TES) platforms, such as transanal
minimally invasive surgery (TAMIS), transanal endoscopic microsurgery (TEM), and
transanal endoscopic operation (TEO), furthered the ability to perform a complete
resection with negative microscopic margins, a reduced rate of specimen
fragmentation and lower recurrence rates than traditional transanal excisions85,86.
However, there is no lymphadenectomy with local excision or TES platforms. Thus,
the substantial reduction in morbidity with local excision must be balanced against the
possible risks of positive resection margins, locoregional recurrence and lower overall
survival compared to an abdominal resection with TME

87–89

. Rectal cancer

recurrence rates after local resection alone were reported in 10% (range, 0-24) of T1
cancers, 25% (range, 0-67) of T2 cancers and 38% (range, 0-100) of T3 cancers, with
risk of retained lymph node metastasis up to 25% in T2 lesions90,91. Thus, current
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recommendations for local excision are for benign and early (T1) rectal lesions,
unless the procedure is being performed within a clinical trial41. A multicentre study
of 62 patients who received short-course radiotherapy followed by TEM 8–10 weeks
later in patients with clinical T1-2N0 rectal cancer was effective in the majority of
patients considered high-risk or who refused TME surgery92. Initial results from trials
using conventional neoadjuvant chemoradiotherapy followed by local excision with a
TES platform reported good overall oncological and survival outcomes 93. Longer
term follow-up using neoadjuvant chemoradiotherapy and local excision for clinically
staged T2N0 advanced rectal cancers (ACOSOG Z6041) showed lower than
anticipated 3-year disease-free survival (88.2% for the intention-to-treat group and
86.9% for the per-protocol group) 94. For patients with T2 and T3 cancers and with a
good clinical response to neoadjuvant chemotherapy, the GRECCAR 2 trial failed to
show superiority of local excision over TME, with many patients in the local excision
group undergoing a completion TME95. Further studies on local excision after
neoadjuvant chemoradiotherapy are underway, and local excision in carefully selected
patients who refuse, or are not candidates for, the gold standard resection remain an
option to discuss in MDT.

[H2] Complete clinical response and watch and wait strategy.
The effects of chemotherapy and radiation can have a substantial effect on tumour cell
death in rectal cancer. These effects have introduced a new option for patients with
complete eradication of the primary tumour. Such patients, who have complete
pathological response after treatment, led surgeons to challenge the role of any
surgery in this setting47. The possibility that radical surgery could have been
unnecessary (and potentially harmful) to these patients led Habr-Gama and colleagues
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to consider an assessment of tumour response prior to definitive surgery and the
identification of patients with clinical evidence of no residual cancer (complete
clinical response)48. Select patients with complete clinical response were offered no
immediate surgery and enrolled in a strict follow-up program known as ‘watch-andwait’.

Habr-Gama’s group have extensively published the results of the watch-and-wait
approach, in which the patient undergoes regimented monitoring over 2 years rather
than surgical resection in situations of a complete clinical response47–49. The landmark
study that disrupted the surgical community was the observation that patients with
complete clinical response managed non-operatively had similar oncological
outcomes to patients with complete pathological response managed by radical
surgery47. Additional work by Martens et al. supported the oncological and functional
results of the watch-and-wait approach, showing a 3-year overall survival of 97%,
distant metastasis-free survival of 97%, local regrowth-free survival of 85%, diseasefree survival of 81%, colostomy-free survival of 95% and good continence in 100
patients over a median follow-up of 41.1 months

96

. Additional published analyses

have further confirmed these observations and provided more robust numbers to
support these initial findings22,97–100. Despite inherent differences between multiple
institutions related to the exact management of these patients, oncological outcomes
seem to be equivalent across different centres, suggesting that outcomes in highly
specialised and dedicated centres are reproducible22. Furthermore, an international
registry created to gather and study information on these patients has reported the
outcomes on nearly 1,000 patients with this approach with very similar results101.
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Patients with initial apparent complete clinical response might still develop local
recurrence in nearly 25% of the cases22,101. Most of these recurrences are endoluminal
and usually amenable to salvage surgery with no apparent oncological compromise
from delayed definitive surgical resection96,102. Several studies discuss the concept of
‘accidental’ watch-and-wait, in which patients that underwent neoadjuvant treatment
developed a complete clinical response. This finding is an important variable to be
included in the MDT discussion once the decision has been made for the use of
neoadjuvant treatment. The possibility that these patients will achieve a complete
clinical response might have a substantial effect on their definitive management,
patient counselling and follow-up strategies.

There is now also the concept of ‘intentional’ watch-and-wait, where patients with
early-stage (cT2N0 rectal cancer) distal rectal cancers undergo neoadjuvant
chemoradiotherapy for the purpose of avoiding radical surgery and entering the
organ-preservation pathway49. In contrast to accidental organ-preservation after
chemoradiotherapy, intentional watch-and-wait raises even more questions regarding
the multidisciplinary discussion, such as the acceptable risk for the patient, the
possibility that a viable tumour is still present, and the ideal methods and time
intervals to perform surveillance. Once the purpose of neoadjuvant treatment is
defined (for example, for pre-operative therapy, accidental watch-and-wait in cases
where the tumour has a complete clinical response, or intentional watch-and-wait),
achieving a complete clinical response, identifying features that might maximise the
response, and prolonging intervals before reassessment become relevant even in the
setting of early stage disease38,103,104 .
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At this time, the watch-and-wait approach in the setting of complete clinical response
is not a universally accepted standard of care105. In addition, although practising
centres assert strict selection criteria and close follow-up, there is no current standard
for selecting and monitoring patients on watch-and-wait protocols. One study
suggested clinical assessment with digital rectal exam and endoscopy are the most
accurate

methods

for

identification

of

complete

clinical

response

after

chemoradiotherapy, with high-resolution MRI improving the diagnostic performance,
and for the combination to be recommended as the optimal strategy for patient
selection

106

. An in-depth understanding of the risks and benefits by the patient, as

well close collaboration between the MDT members, imaging, endoscopy and
physical exam are crucial to make this treatment safe. Although organ-preserving
strategies might be a feasible option in patients with rectal cancer with complete
clinical response after neoadjuvant chemoradiotherapy and included in international
guidelines, further prospective trials, tracking of long-term outcomes and standardised
protocols are all required before such a strategy can be widely implemented107,108 109.

[H1] The pathologists role in the MDT
The pathologist is a crucial member of the MDT, and it is essential for the colorectal
surgeon to understand their unique contributions. The pathologist reports on the
preoperative staging (compared with final pathology) and cancer stage after surgery,
as well as the surgical performance from the margin status and specimen quality.
From this evaluation, the pathologist verifies if the surgery has been performed in an
optimal oncological manner and if the principles of TME have been adhered to; for
example, the macroscopic specimen evaluation, plane of surgery, quality of surgery
and quality of the mesorectum. From this pathological assessment, the pathologist can
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gather prognostic information on local and overall recurrence, overall survival, and
the need for adjuvant treatment, as well as helping in training and educating other
MDT members

35,110–112

. Showing the TME specimen photographs during a rectal

cancer MDT meeting, a National Accreditation Program for Rectal Cancer (NAPRC)
standard, provides opportunities for education and quality improvement programs109
(FIG 8).

Pathological examination of TME specimens for rectal cancer consists of several
steps, the first of which is assessment of the quality of the mesorectum. The integrity
of the mesorectum is directly related to the plane of surgery at which the rectum and
mesorectum has been resected; a surgical plane at the mesorectum has been shown
critical to prevent local and distal recurrence 35,113. Assessment of the plane of surgery
has the following classification: Mesorectal plane (complete, intact mesorectum);
intramesorectal (near complete, minor irregularities in the mesorectum with no
exposure of the muscularis propria); and muscularis plane (incomplete, defects down
to muscularis propria and/or very irregular circumferential margin)114,115.

The next step is determination of the pathological tumour stage before evaluation of
the margins of resection. Several publications have demonstrated that the status of the
circumferential (radial) margin of resection is one of the most important factors that
influence local and distant recurrence116,117. A positive circumferential margin of
resection is defined as the presence of tumour at or <1mm from the margin. Figure 9
demonstrates a pathological specimen with a positive CRM. Although a clear margin
of resection should be obtained, the exact length of the distal margin is controversial
and many studies have shown that distal margins of 1 cm, or occasionally even less,
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achieve similar oncological results as longer margins 118. The next step in examining a
TME specimen is quantification of tumour response to neoadjuvant CRT. Several
grading systems have been proposed to document the different degrees of tumour
response. The College of American Pathologists recommends the following system:
No residual tumour identified, grade 0; Moderate response, minimal residual disease,
grade 1; minimal response, grade 2; and no definitive response, grade 3

114

.

International recommendations and the Royal College of Pathologists use a similar
grading system: with no viable cancer cells (complete response), grade 0; single cells
or rare small groups of cancer cells (near-complete response), grade 1; residual cancer
with evident tumour regression, but more than single cells or rare small groups of
cancer cells (partial response), grade 2; and extensive residual cancer with no evident
tumour regression (poor or no response), grade 3 115.

The final step is lymph node yield. The number of lymph nodes dissected from
colorectal cancer specimens has long been recognised to affect prognosis, but it is
important to emphasise that many patients with rectal cancer receive preoperative
radiotherapy that has been shown to decrease the yield of lymph nodes from the
surgical specimens

119,120

. The clinical significance of this occurrence is unclear and

although some studies have shown no adverse effect on survival related to a low
number of dissected numbers

121

, this subject remains controversial. Furthermore, a

few studies have suggested that a decreased number of harvested nodes following
radiotherapy might actually portend an adverse outcome 122 .

The resulting pathology report should always include a minimum of precise
information of tumour and node stage and histological features that can affect
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prognosis, such as vascular invasion, EMVI, tumour growth pattern, response to
preoperative chemoradiation and resection margin status, particularly the CRM.

[H1] Role of the multidisciplinary team
MDT meetings, also known as tumour boards, multidisciplinary cancer conferences,
multidisciplinary case reviews or multidisciplinary clinics, provide a forum for
multidisciplinary cancer teams to regularly convene and discuss the diagnostic and
treatment aspects of patient care. Tumour boards were initially created in the USA in
the 1970s; however, their primary goal was educational rather than improving patient
care123. The MDT concept was popularised and shifted focus towards delivery of care
in the UK following the 1995 Calman–Hine report, which highlighted wide variations
in all cancer outcomes and comparatively lower survival rates for colorectal cancer in
the UK compared with other European countries124,125. Implementation of national
treatment guidelines and quality standards ensued across the UK, many other
European countries and Australia to improve cancer care, with mandatory MDT
presentation, effective use of imaging, evidence-based medical and radiotherapy
oncology and surgery, and pathological assessment of surgical quality, all as part of
formalised cancer care126–129 . The UK National Institute for Clinical Excellence
guidelines on organising multidisciplinary care have since facilitated MDT
implementation for rectal cancer management internationally130. Spain, Denmark,
Norway and Sweden have successfully executed nationwide programmes with an
MDT. The American College of Surgeons Committee on Cancer (CoC), in
conjunction with the American Society of Colon and Rectal Surgeons, the Society for
Surgery of the Alimentary Tract, the Society of American Gastrointestinal and
Endoscopic Surgeons, the American College of Radiology, and the College of
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American Pathologists, have launched a national programme in the USA, the
NAPRC, as the tool to improve rectal cancer quality with MDTs a central component
in the programme109,131.

The NAPRC is the newest initiative of the American College of Surgeons quality
programmes, which work to improve quality outcomes by permitting comparisons
amongst sites, sharing best practices and ensuring that the appropriate processes,
procedures and personnel are in place to enable standards to be met or exceeded. The
NAPRC includes a variety of standards, which will help ensure optimal patient
outcomes109. Leading these standards is the requirement for individual centres to be
accredited by the CoC. Accreditation ensures that much of the infrastructure for the
NAPRC and meeting baseline standards for reporting and quality are in place. It is
anticipated that implementation of these measures will improve the quality of rectal
cancer care throughout North America, and the rectal cancer MDT will become
ubiquitous.

The rectal cancer MDT consists of surgeons, radiologists, pathologists, medical and
radiation oncologists, and clinical nurse specialists, with other consultants and support
staff involved as needed. The MDT reviews information and accumulates expert
opinions so management decisions can be made on patient treatment and response,
and

enables

individualisation

for

tailored,

patient-specific

treatment

recommendations. It also captures the patient data and treatment recommendations in
an institutional-level database, so internal audits can be performed to monitor
outcomes, compliance with guidelines and institutional quality improvement132. The
pillars of an MDT include: providing recommendations based on the team consensus
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and integrating the complementary areas of expertise; identifying gaps in current
service provision and realigning care delivery with national guidelines; educating
team members of developments within specific area of expertise; ensuring effective
communication for coordination of care; data collection and audit of results; service
redesign and improvement based on the results; continuous quality improvement in
scheduling, staging, treatment, and surveillance; and encouraging participation in
clinical trials133,134. To this end, every patient with a new diagnosis of rectal cancer is
presented at least twice: once prior to definitive treatment and a second time after
definitive treatment. During the first presentation, the rectal cancer protocol highresolution MRI is shown and discussed along with the CT scan of the chest, abdomen
and pelvis and any other preoperative assessments. During the second conference, the
TME photographs and other data derived from surgery for further treatment are
shown and discussed.

There is still controversy on the benefit of the MDT. Several studies to date have
supported improvement in coordination of care, preoperative clinical staging,
multimodality treatment, pathological staging, and technical aspects of surgery after
implementation of rectal cancer MDTs135. Patients presented at the MDT had
substantially more accurate staging, with MRI used more often and TNM staging
more complete136. MDT evaluation is an independent predictor for appropriate
preoperative radiotherapy, even when controlling for co-morbidity and age137. With
the MDT structure in place, an analysis of 49 cancer registries in 18 European
countries found that rectal cancer-specific outcomes now match or even exceed the
outcomes of colon cancer138. However, despite the widespread acceptance of a
collaborative and organised approach to managing rectal cancer, little direct evidence
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exists that such meetings significantly improve outcomes. Wille-Jorgensen and
colleagues examined the outcomes of almost 800 patients before and after the
introduction of a formal MDT at two hospitals in Denmark139. Although they found
increased information on staging, the use of pre-operative MRI and improved lymph
node yield, local recurrence and overall survival rates showed no significant
difference. A similar study from Scotland showed slightly different results on
implantation of an MDT for colorectal cancer, in which there was improvement in
cause-specific survival for all patients (63.1% with an MDT versus 48.2 % without an
MDT; P<0.0001), but subgroup analysis found the benefit from the MDT process was
largely confined to patients with advanced disease (adjusted HR (early): 1.32, 95%
CI: 0.69–2.49, P=0.401; adjusted HR(advanced): 0.65, 95% CI: 0.45–0.96, P= 0.031)
140

. From this study, the authors questioned the belief that all new patients with

colorectal cancer should be discussed at an MDT meeting. Perhaps the real question is
not if the MDT process improved clinical outcomes, but if the appropriate outcomes
were measured. At inception of MDTs, there were no baseline values gathered of the
treatment offered, patient and tumour responses to treatment, or compliance, and no
agreed method to measure implementation or effectiveness, so no reliable figures
exist to gauge improvement141. A summary of the MDT data to date is found in Table
4.

Disadvantages of the MDT in general are also noted. First, there is a lack of patient
involvement in the discussions, as patients are not present at these meetings, and it
must be assured that patient preferences and their social circumstances are taken into
account for the most appropriate team decisions. Divergent treatment priorities with a
failure to reach a joint recommendation have been commonly reported, as well as
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poor leadership, insufficient teamwork, time pressures, an absence of key
professionals in attendance and the absence of key clinical information; all of which
can affect the clinical decision making of MDTs in general142,143. MDTs remain a
work in progress but continue to add benefit for management during their evolution.

[H1] Conclusions
Rectal cancer is a global health issue, with an increasing incidence in younger patient
populations. Treatment options have expanded during the past 40 years, leading to
better outcomes and improved quality of life. The management of rectal cancer
continues to progress, with advances in staging to better determine patient prognosis,
the increasing use of surgical technology to offer more precise surgery, more
personalised treatment based on meticulous pathology and the standardisation of
surgical techniques for curative resections. Unfortunately, treatment outcomes,
including the rates of permanent colostomy, CRM positivity, lymph node yield, local
recurrence, survival and adherence to evidence-based guidelines is widely variable
and highly surgeon and centre specific. It is clear that rectal cancer is a highly
complex disease in which optimal outcomes are seen in centres that treat the highest
volume of patients in an MDT approach, strengthening calls for centralisation of
expertise.

During the past 40 years, rectal cancer management has grown from a surgerydominated strategy to one that includes evidence-based, multimodal screening,
diagnosis, treatment and surveillance, coordinated across all periods of care by the
MDT. The modern multidisciplinary team for rectal cancer is an active process in
which interlinked disciplines consider all patient, tumour diagnostic and staging
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information to formulate the best treatment strategy for the patient. These
collaborative recommendations from experts across all disciplines caring for the
patient have improved surgical quality, recurrence, survival and adherence to
consensus guidelines 144,145.

As novel imaging and therapeutic regimens evolve, there are great implications of the
MDT for risk stratification and defining precision treatment plans, which in some
cases might even obviate the need for surgery. Furthermore, as multidisciplinary
management is introduced as the standard of care in the USA, and continues to evolve
in Europe and the UK, there is an opportunity to review the role of the MDT and its
constituent elements to ensure that we work to continually improve quality and
outcomes in rectal cancer.

27

Figure 1 | Worldwide colorectal cancer incidence and mortality rates. Agestandardized rates (ASR) of incidence (a) and mortality (b) are shown for colorectal
cancer for both sexes. Data from GLOBOCAN 2018 (ref.4).
Figure 2 | MRI-directed treatment decision making for rectal cancer. Example of
options to guide discussion based on MRI for a rectal cancer presentation to the
multidisciplinary tumour board. [Au: Please carefully check all the text on this
figure.]
THIS IS FINE

Figure 3 | The mesorectal fascia and oncological planes. a | Coronal T2-weighted
MRI showing mesorectal fat with a high signal intensity. The mesorectal fat is
surrounded by the mesorectal fascia (MRF), shown by a fine line of low signal
intensity (black arrows). b | Coronal T2-weighted MRI demonstrating tumour
distance from the MRF and threatening of the MRF. The MRF is the resection plane
for a total mesorectal excision (TME) and has to be tumor-free for an R0 resection. A
distance of the tumor to the MRF of <1 mm is called an involved MRF and not
suitable for TME. Here, there is posterior MRF involvement (short white arrow) and a
positive lymph node (long white arrow) in the mesorectal fat.

Figure 4 | MRI demonstrating extramural venous invasion by a rectal tumour.
MRI showing extramural venous invasion before (a) and after neoadjuvant
chemoradiotherapy (b). The arrows point to the venous invasion.
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Figure 5 | Multidisciplinary team treatment algorithm for rectal cancer. An
example is shown of the discussion flow for a rectal cancer presentation to the
multidisciplinary tumour (MDT) board. CRM, circumferential resection margin; Mx, ;
Nx, [Au: Please carefully check all the text on this figure. Do Mx and Nx require
a definition in the legend?]
-THERE IS A TYPO IN THE FIGURE CREATED, 4 TH LINE T3-T4NNXMXSHOULD READ T4NXMX (THERE WAS AN ADDITIONAL N INSERTED)
-X- not possible to determine

Figure 6 | Total mesorectal excision plane. This schematic shows the pelvic and
total mesorectal excision plane, where the rectum and mesorectal fat are excised en
bloc. The dotted line marks the line of excision.

Figure 7 | Surgical approaches for rectal cancer. The anterior dissection for a total
mesorectal excision is demonstrated using different surgical approaches: open (a);
laparoscopic (b); robotic (c); and transanal (d). Photos courtesy of D.S.K.

Figure 8 | Complete total mesorectal excision specimen. Examination of a complete
total mesorectal excision specimen is performed in three planes (posterior view (a),
anterior view (b) and coronal view (c)), noting the intact mesorectum with only minor
irregularities of the smooth surface, no defects >5mm on the mesorectum, no coning
towards the distal margin of the specimen, and a smooth circumferential resection
margin on slicing.
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Figure 9 | Positive pathological circumferential resection margin. Positive
pathological margin, demonstrated with haematoxylin and eosin stain at 400x
magnification. Malignant cells are present at the circumferential margin of resection
(noted with arrow). [Au: Can you account for the green colour in this image, was
there another stain used as well as H&E here? Can you please account for who
owns this image. If it is owned by someone not in the author list we will have to
obtain permission for its use.]
THE STAINS ARE AS ALREADY NOTED BY DR BERHO. THERE IS NO
FURTHER INFORMATION NEEDED. THIS IS HER IMAGE, IT HAS NOT BEEN
USED OR PUBLISHED OR OWNED BY ANYONE ELSE
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Table 1-Key trials in radiotherapy and chemotherapy for rectal cancer
Trial

Date

Tumour
stage

Comparison

Results

Conclusion

Swedish rectal
cancer trial146

1997

II and III

Surgery alone
vs. preoperative
short course
XRT

5-year local
recurrence 27%
vs. 11%
(P<0.001); 5year survival rate
was 48% vs. 58%
(P=0.004)

Preoperative XRT
reduced local
recurrence and
improved survival

Dutch TME trial147

2001

II and III

TME alone vs.
preoperative
short course
XRT and TME

2-year local
recurrence was
8.2% vs. 2.4%
(P<0.001)

Preoperative XRT
reduces local
recurrence with a
standardised TME

German trial
CAO/ARO/AIO-9148

2004

II and III

Preoperative vs.
postoperative
chemoXRT

5-year local
recurrence was
6% vs.13%
(P=0.006) and 5year survival
were 76% vs.
74% (P=0.80)

Preoperative
chemoXRT,
improved local
control but not
overall survival

EORTC 22921149

2006

II and III

Preoperative
XRT,
preoperative
chemoXRT,
preoperative
XRT and
postoperative
XRT, or
preoperative
chemoXRT and
postoperative
chemotherapy

No difference in
overall survival
between pre and
postoperative
chemotherapy. 5year local
recurrence 8.7%,
9.6%, 7.6%, and
17.1% with
chemotherapy
preoperatively,
postoperatively,
both, or none
(P=0.002)

With preoperative
XRT, adding
chemotherapy pre or
postoperatively had
no significant effect
on survival.
Chemotherapy,
before or after
surgery, added
significant benefit to
local control.

ADORE150

2014

II and III

Adjuvant
FOLFOX vs. 5FU/ leucovorin
after
preoperative
chemoXRT

3-year disease
free survival 72%
vs. 62%
(P=0.047)

FOLFOX improves
disease-free survival
compared to 5-FU/
leucovorin after
preoperative
chemoXRT and
TME

German Trial
CAO/ARO/AIO-04

2015

II and III

Neoadjuvant
and adjuvant
FOLFOX vs. 5FU/ leucovorin

3-year diseaseAdding oxaliplatin
free survival 76% improves survival
vs. 71% (P=0·03) response

151
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5-FU, fluorouracil; FOLFOX, folinic acid, 5-FU and oxaliplatin; chemoXRT,
chemoradiotherapy; TME, total mesorectal excision; XRT, radiotherapy.

32

Table 2- Controlled trials for laparoscopic and open resection in rectal cancer
Study

Number of
patients

CRM (<1mm)

TME integrity

Lymph nodes

Local Recurrence
(3 or 5 years)

Lap

Open

Lap

Open

Lap

Open

Lap

Open

Lap

Open

Guillou152
2005
CLASICC

253

128

88.2%

90.1%

NA

NA

12

13.5

10.8%

8.7%

Laurent153
2009

238

233

93.3%

95.3%

NA

NA

NA

NA

3.8%

5.1%

Lujan154
2013

1387

3018

90.5%

83.7%

NA

NA

14.5

14.7

3.9%

4.8%

Van der
Pas58
2013
Color II

588

300

90.5%

90%

88.5%

91.5%

13.0

14.0

5%

5%

Kang62
2010
COREAN

170

170

97.1%

95.9%

73.4%

74.8%

17.0

18.0

2.6%

4.9%

Fleshman67
2018
ACOSOG
Z6051

240

222

88%

92%

88%

92%

NA

NA

4.6%

4.5%

Stevenson68
2018
ALACART

225

225

93%

97%

87%

92%

NA

NA

5.4%

3.1%

CRM, circumferential resection margin; NA, not available; TME, total mesorectal
excision.
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Table 3- Controlled trials for laparoscopic and open resection in rectal cancer- Conversion Rate as an
Endpoint
Author

Number of
patients

Negative
CRM

TME
Complete

Distal Margin
Clear

Successful
Resection

Converted

Lap

Open

Lap

Open

Lap

Open

Lap

Open

Lap

Open

Fleshman
65
2015
ACOSOG
Z6051
(Stage II
and III)

240

222

88%

92%

88%

92%

>98%

>98%

82%

87%

11.3%

Stevenson
2015 64
ALaCaRT
(Stages I,
II, & III)

238

235

93%

97%

87%

92%

99%

99%

82%

89%

9%

CRM, circumferential resection margin; TME, total mesorectal excision.
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Table 4 | Summary of multidisciplinary tumour board effect on outcomes in colorectal
cancer [Au: Please can you add a numbered reference citation to each study in
this table. Can you also incorporate the additional references to the end of your
reference list using your reference manager. I left another note about this at the
end of your references ]

Study

Country

Period

Patients

Comparison

Key
differences

Survival
outcome

Segelman
et al.
2009155

Sweden

1995–
2004

Patients with
stage IV CRC
(689 with
colon cancer
and 352 with
rectal cancer)

Patients
selected for
metastatic
surgery (39
patients with
colon cancer
and 38 patients
with rectal
cancer)

Patients
with rectal
cancer
more likely
that colon
cancer to
have
surgery for
metastases
(8.5% vs.
3.9%)

37% 5-year
survival with
metastasis
surgery vs.
2% without
metastasis
surgery

NA

Lordan et
al. 2009156

UK

108 patients
referred to an
MDT that
included a
liver surgeon
vs. 223
patients
directly
referred to a
specialist
hepatobiliary
unit

NA

Referral via
an MDT
involving a
liver surgeon
had 1-year,
3-year and
5-year
survival of
89.6%,
67.5% and
49.9% vs.
90.3%,
54.1% and
43.3%,
respectively,
among those
referred to
local MDTs

Overall
mortality
was
improved
with referral
via an MDT
process

1996– 331 metastatic
2006 CRC cases to
the liver
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Risk of
recurrence
or death

MacDermid
et al.
2009157

UK

Palmer et
al. 2011158

Sweden

Du et al.
2011159

China

1997–
2005

310 patients
undergoing
colectomy for
CRC by a
single surgeon

More
patients
prescribed
adjuvant
chemothera
py after
MDT
introduced

3-year
survival was
58% preMDT and
66% in postMDT

MDT status
was an
independent
predictor of
survival

1995– 303 patients
2004 with locally
advanced
primary rectal
cancer from a
populationbased registry

Preoperative
R0
radiological
resection
tumour staging
rate
with
differed
discussion at
between
an MDT
groups
(group 1) vs.
(52% in
preoperative
group 1,
staging with
43% in
no MDT
group 2 and
discussion
21% in
(group 2) vs.
group 3)
no
preoperative
radiological
staging (group
3)

Local
tumour
control was
achieved in
57%, 36%,
and 19% of
patients in
groups 1, 2
and 3,
respectively

The
estimated
overall
5‐year
survival of
patients was
30%, 28%
and 12% in
groups 1, 2
and 3,
respectively.

2001–
2005

Neoadjuvant
therapy with
MDT
treatment
versus control
with direct
surgery and
postoperative
adjuvant
therapy

5-year
overall
survival rate
was higher
in the MDT
and
neoadjuvant
group than
in control
group
(77.23% vs
69.75%)

Local tumor
control was
better with
neoadjuvant
therapy and
MDT

263 resectable
locally
advanced
rectal cancer
cases

176 patients
pre-MDT
introduction
(1997- 2002)
vs. 134
patients postMDT
introduction
(2002-2005)

The MDT
altered the
treatment
strategy in
58.33%

36

595 patients
1999– with CRC
2006 from January
1999 to
September
2006

297 patients
pre-MDT
cohort 1999–
2002 and 298
patients postMDT 2002–
2006

Number of
examined
lymph
nodes and
accuracy of
TNM
staging by
CT

Age,
treatment
after MDT
inception,
degree of
differentiatio
n, number of
lymph nodes
examined,
and TNM
stage

62.5% of
MDT
patients vs.
41.5% of
control
patients had
perioperative
treatment
(P = 0.02)

NA

Ye et al.
2012160

China

Levine et
al. 2012161

USA

2008–
2009

Prospective
study of
patients with
CRC

Patients
referred to the
MDT vs.
patients
managed
outside

WilleJorgensen
et al.
2013139

Denmar
k

2001–
2006

811 patients
with rectal
cancer treated
at two
hospitals

Outcomes 3
years before
MDT
introduction
vs. the first 2
years after
MDT

Prades et
al. 2015162

51 papers that
Systemat 2005– evaluated
ic
2012 MDT clinical
practice and
review
organisation
in cancer care

NA

Lower rate
of tumour
recurrence
post-MDT

76% of
MDT
patients with
rectal cancer
vs. 20% of
control
patients
underwent
neoadjuvant
therapy

The
No
More
frequency difference in metachronou
of
overall
s distant
preoperativ
metastases
survival
e MRI
were found
scans
in the MDT
increased in
cohort
the MDT
cohort
MDT was
associated
with
changes in
clinical
diagnostic
and
treatment
decisionmaking

NA

Evidence of
improved
survival was
found for
CRC based
on four
studies

37

Brännström
2015137

Sweden

2007–
2010

Munro et
al. 2015140

Scotland

Richardson
et al.
2016135

USA

5,273 patients
that had MDT
care from the
Swedish
Rectal Cancer
Register

NA

Hospital
volume,
patient age
and tumour
stage
influenced
the chance
of MDT
evaluation

MDT
evaluation
predicted the
likelihood of
being treated
with
preoperative
radiotherapy
in an
appropriate
patient

NA

2006– Population2007 based cohort
of 586
consecutive
patients with
CRC

411 patients that
had MDT
presentation
and followed
recommendatio
n vs. 175 never
discussed/
MDT
recommendatio
n not followed

Any benefit
from the
MDT
confined to
patients
with
advanced
disease:
adjusted
HR: 0.65
(0.45–0.96)

NA

HR for death
from
colorectal
cancer was
0.73 (0.53–
1.00,
P = 0.047) in
the MDT
group

2010–
2014

42 patients
pre-MDT and
88 patients
with MDT and
TME

Improveme
nt in the
completene
ss of TME
with an
MDT (0%
to 76%

NA

Local
recurrence in
10% in preMDT group

130 patients
with CRC

CRC, colorectal cancer; HR, hazard ratio; MDT, multidisciplinary team; NA, not
available; TME, total mesorectal excision
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