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Abstract
Thirty per cent of all colorectal tumours develop in the rectum. The location of
the rectum within the bony pelvis and its proximity to vital structures presents
significant therapeutic challenges when considering neoadjuvant options and
surgical interventions. Most patients with early rectal cancer can be adequately
managed by surgery alone. However, a significant proportion of patients with
rectal cancer present with locally advanced disease and will potentially benefit
from down staging prior to surgery. Neoadjuvant therapy involves a variety of
options including radiotherapy, chemotherapy used alone or in combination.
Neoadjuvant radiotherapy in rectal cancer has been shown to be effective in
reducing tumour burden in advance of curative surgery. The gold standard
surgical rectal cancer management aims to achieve surgical removal of the
tumour and all draining lymph nodes, within an intact mesorectal package, in
order to minimise local recurrence. It is critically important that all rectal cancer
cases are discussed at a multidisciplinary meeting represented by all relevant
specialties. Pre-operative staging including CT thorax, abdomen, pelvis to assess
for distal disease and magnetic resonance imaging to assess local involvement is
essential. Staging radiology and MDT discussion are integral in identifying
patients who require neoadjuvant radiotherapy. While Neoadjuvant
radiotherapy is potentially beneficial it may also result in morbidity and thus
should be reserved for those patients who are at a high risk of local failure, which
includes patients with nodal involvement, extramural venous invasion and
threatened circumferential margin. The aim of this review is to discuss the role of
neoadjuvant radiotherapy in the management of rectal cancer.
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Core tip: Neoadjuvant radiotherapy aims to downstage tumours for a more effective
oncological resection. Studies have shown that both long and short course pre-operative
radiotherapy confers benefits to local recurrence. Some patients completely respond to
radiotherapy and have been enrolled in surveillance programmes without undergoing
surgery. It is essential to be aware of the disadvantages associated with radiotherapy.
Radiation therapy increases the risk of anorectal and genitourinary dysfunction which
have a deleterious impact on quality of life. Thus it is imperative to accurately identify
patients who are likely to benefit from neoadjuvant radiotherapy in order to minimise
morbidity and improve patient outcomes.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer diagnosed in both sexes in
the Western World. In 2019 there were approximately 44180 new cases of rectal cancer
diagnosed in the United States[1]. Several risk factors have been implicated in rectal
tumorigenesis including genetics, age, obesity, smoking, and diet.  Cancers of the
rectum and rectosigmoid junction account for  30% of  all  CRC diagnosed.  Rectal
cancer  is  defined  as  tumours  arising  within  15  cm  of  the  anal  verge.  While
histologically similar to cancers occurring at other sites in the colon, rectal cancers,
given the  anatomical  confinements  of  the  bony pelvis,  blood supply,  lymphatic
drainage and nervous  innervation rectal  cancer  are  considered a  distinct  entity,
specifically  in  regards  to  the  invasive  growth  pattern,  surgical  approach,  and
treatment outcomes[2,3]. The use of neoadjuvant chemoradiotherapy is recommended
for all newly diagnosed rectal adenocarcinoma with a clinical (c) stage T3 or T4 based
on transrectal endoscopic ultrasound (EUS) or pelvic magnetic resonance imaging
(MRI).  Neoadjuvant  therapy  may  comprise  of  either  radiotherapy  alone  or  in
combination with chemotherapy. Commonly prescribed chemotherapy agents include
5-Fluorouracil (5-FU) and Oxaliplatin. These agents act to limit tumour cell division in
several ways. Oxaliplatin acts via  the formation of DNA-platinum adducts which
deprives tumour cells of the necessary building blocks for cell replication. Similarly, 5-
FU prevents the formation of nucleosides essential for tumour cell division. Following
the completion of neoadjuvant chemoradiotherapy, the patient proceeds to curative
surgery. The overarching aim of rectal cancer management is surgical removal of the
tumour and all draining lymph node basins, in an intact mesenteric package, in order
to achieve an R0 resection, with negative resection margins, with the aim of reducing
local recurrence rates. Radiotherapy plays an integral role, as it aids in downsizing or
downstaging large tumours (cT3/T4)  in  the neoadjuvant  setting.  It  is  important
however to note that not every patient responds favourably to radiotherapy and that
treatment-related toxicity can occur, which negatively impact patients’ overall and
health-related quality of life (QoL)[4].  Furthermore, neoadjuvant radiotherapy can
cause excessive tissue oedema, leading to a loss of surgical planes, thereby posing an
increased surgical challenge, especially in the narrow male pelvis[5].

The aim of this review is to discuss the role of radiotherapy for the management of
rectal cancer in the neoadjuvant setting.

EVOLUTION OF SURGERY IN MANAGEMENT OF RECTAL
CANCER
Surgery  with  curative  intent  provides  the  best  chance  of  survival  from  rectal
adenocarcinoma. Due to the challenges posed by the confinement of the bony pelvis,
surgical  approaches to rectal  cancer have undergone several  landmark technical
milestones, which have lead to improved local recurrence rates and reduced overall
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morbidity and mortality.  Historically rectal  tumours were excised via  a  perineal
approach, which was associated with poor mortality, morbidity, and local recurrence
rates[6]. The first successful rectal resection was performed in 1826 by Lisfranc, where
the rectum was everted and a minimal resection of the distal rectum was performed.
There was no consideration for resection of the mesorectum and draining lymph
nodes. As anaesthesia was still in the nascent stages, success was based primarily on
patients’  survival  and  fitness  for  discharge.  These  procedures  were  principally
performed  with  palliative  intent.  A  review  conducted  by  Vogel  of  1500  cases
performed in the 19th century found an average operative mortality rate of 20% and a
local recurrence rate of 80%[6].  In 1908, the English surgeon William Ernest Miles
described the first radical procedure using an abdominal and perineal approach, i.e.
abdominoperineal resection (APR). This involved resection of the distal rectum and
anal  canal.  The  proximal  rectum  was  exteriorized  as  an  end  colostomy.  Miles
published his case series between 1908 to 1923 and reported local recurrence in 5
patients of the 12 reported (41.6%)[7]. Miles influenced generations of future surgeons
who adopted his technique. Subsequent improvements to the technique included
performing  a  high-tie  of  the  inferior  mesenteric  artery  (IMA)[8].  This  served  to
maximise lymph node yield and reduce local recurrence.

In  1938,  Henri  Hartmann published a  case  series  of  38  patients  with  sigmoid
tumours.  Hartmann  performed  a  sub-total  colectomy  and  fashioned  an  end-
colostomy,  with  oversewing of  the  rectal  stump preserving  anal  anatomy.  First
described  in  1921,  the  case  series  quoted  a  mortality  rate  of  8.8%  which  was  a
significant  reduction,  when compared to  the 38% mortality  rate  associated with
APR[9]. Hartmann did not advocate for the restoration of bowel continuity in his case
series, as he felt the risk to the patient would be too high. This was challenged by the
American surgeon Claude Dixon in 1948 when he published a series of 426 patients
between  1930  and  1947  in  which  he  performed  an  anterior  resection.  In  this
procedure, upper rectal tumours were resected with bowel continuity restored during
the same procedure. A temporary diverting stoma may also be fashioned mitigating
the clinical severity of any potential anastomotic leak. Dixon reported a mortality rate
of 5.6% and a 5-year survival rate of 67.7% in 272 patients[10]. Dixon concluded that
anterior resection was a safe and efficacious procedure for the treatment of upper
rectal tumours.

In order to reduce local recurrence rates even further, Professor Richard J Heald
developed the technique that is now known as total mesorectal excision (TME)[11]. This
is a standardized and reproducible anatomical approach to pelvic dissection, which
interrogates surgical planes in order to completely excise the lymphovascular fatty
tissue surrounding the rectum and mesorectum under direct vision. Heald postulated
that local recurrence was a result of leaving residual mesorectal tissue within the
pelvis. In a case series performed at Basingstoke between 1978 and 1997, 519 patients
underwent TME for rectal cancer. Neoadjuvant radiotherapy was administered to 49
of the patients in the series. The predominant surgical procedure performed was an
anterior resection, although APR and Hartmann resections were also included. The
findings of the case series demonstrated a 5-year cancer-specific survival rate of 68%
for all patients. The local recurrence rate for curative resections, defined as disease-
free proximal, distal and circumferential margins, was 3%. Local recurrence had been,
on average, 20% before the publication of this study. Disease-free survival at 5 years
was  calculated  at  80%  for  those  patients  treated  with  curative  intent[12].  TME
highlights the importance of utilizing natural anatomical planes and performing
meticulous dissection during the surgical approach. TME is associated with the lowest
rates  of  local  recurrence  and  has  become  the  surgical  gold  standard  for  the
management  of  rectal  cancer.  Moreover,  Quirke  et  al[13]  examined  1156  surgical
specimens from patients managed with TME. The authors graded the quality of the
resections as Good (52%), Poor (13%) or Intermediate (38%), based on the integrity of
the mesorectal envelope post-resection. The authors very elegantly demonstrated a
significant direct correlation between a positive circumferential resection margin and
rates  of  local  recurrence  thereby  validating  Heald’s  embryological  theory
underpinning TME.

Restoration  of  intestinal  continuity  posed  new  challenges  to  rectal  cancer
management, principally the risk of anastomotic leakage. This feared complication
occurs  due to failure in the integrity of  the anastomosis  leading to an abnormal
communication between the peritoneal cavity and the intraluminal contents of the
bowel. Studies investigating anastomotic leaks have quoted incidence rates of 15%-
20%[14,15]. To mitigate the severity of this event, a diverting stoma can be formed at the
time of surgery. The creation of a diverting stoma does not reduce the incidence of
anastomotic failure, however, it has been shown to minimize the risk of reoperation[14].
The fashioning of a stoma is not without risk. A meta-analysis comprising of 6 studies
and 1063 patients demonstrated a complication rate of 18.2% for loop ileostomy and
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30.6% for  loop colostomy (P  =  0.001)[16].  The  authors  found that  rates  of  clinical
dehydration (3.1% vs 0%, P = 0.13) and post-operative ileus (5.2% vs 1.7%, P = 0.02)
were greater in those patients with a loop ileostomy. Emmanuel et al[14], published a
study in 2018 investigating outcomes for rectal cancer patients with diverting stomas.
The authors found that those with such stomas experienced a higher rate of post-
operative complications (57.1% vs 34.9%, P = 0.003) and an increased average length
of hospital stay (13 d vs 6.9 d, P = 0.005).

For the majority of these patients, diverting stomas are intended as a temporary
measure. A prospective observational study of 275 patients with diverting stomas was
published in 2017. Following an average follow-up of 4.9 years, the rate of permanent
stoma formation was 16.7%[15]. A retrospective study in Sweden of 3564 patients with
loop ileostomies outlined a 9-mo reversal rate of 68.4%. Risk factors for prolonged
interval to reversal and for conversion to permanent stoma included, post-operative
complications (HR = 0.67, 0.62-0.73), adjuvant chemotherapy (0.63, 0.57-0.69) and
advanced cancer stage (Stage III 0.74, 0.66-0.83 and Stage IV 0.38, 0.32-0.46)[17] (Figure
1).

RADIOTHERAPY

Staging
Neoadjuvant therapy comprises a combination of radiotherapy and chemotherapy.
The European Society of Medical Oncology (ESMO) recommend neoadjuvant therapy
in cases of advanced disease (> T3), lymph node involvement on imaging and where
the adequacy of TME surgery is in question (circumferential resection margin)[18]. The
goal of neoadjuvant therapy is to downsize or downstage the tumour in anticipation
of surgical resection. In instances where there is involvement of the anal sphincters,
successful neoadjuvant therapy can potentially downsize a tumour, to allow for the
creation  of  a  safe  resection  margin  thereby  preserving  the  anal  sphincters  and
maintaining anal continence. In certain cases, tumours may completely respond to
neoadjuvant therapy. Complete Response is defined as the replacement of tumour
with fibrous tissue post-radiotherapy. Analysis of the National Cancer Database in
2017 detailed a pathologic complete response (pCR) rate of 13% in an overall patient
cohort  of  27532[19].  The  decision  to  treat  a  patient  with  neoadjuvant  therapy  is
dependent on the clinical tumour stage at presentation. This entails taking a full
medical history and clinical examination, including digital rectal examination (DRE),
and radiological examinations. Local staging is performed through MRI of the pelvis
and EUS of the rectal lesion. MRI provides detailed images of the pelvis allowing for
accurate staging of the tumour and facilitating pre-operative planning. Furthermore,
MRI  aids  in  assessing  the  circumferential  resection  margin  (CRM)  status.  In  a
prospective observational study of 408 patients, 87% (95%CI: 83%-90%) had clear
margins on MRI.  Surgical  resection specimens of  this  cohort  demonstrated clear
margins in 94% (95%CI: 93%-96%). Specificity was found to be 92% (95%CI: 90%-
95%)[20]. EUS is effective at measuring the depth of tumour invasion in early rectal
cancers[21]. Accuracy in assessing T stage for EUS has been quoted in the range of 85%-
90%[22]. Computed tomography (CT) of the Thorax, Abdomen, and Pelvis is useful for
both local and distant staging. CT has an accuracy rate of 85.1%, a positive predictive
value  of  96.1%  and  a  negative  predictive  value  of  3.9%  in  detecting  hepatic
metastases[23].

Short course vs long course neoadjuvant radiotherapy
The clear advantages of neoadjuvant radiotherapy were first recognised in 1997 by the
Swedish  Rectal  Cancer  Study  Group[24].  Between  1987  and  1990  1168  patients
diagnosed with rectal cancer were randomly assigned to an intervention arm, i.e.,
patients received neoadjuvant therapy prior to surgery and a control arm defined as
those patients who underwent surgery alone. The neoadjuvant regime involved 25 Gy
of radiotherapy in 5 fractions over the duration of one week. These patients were
operated one week after completing neoadjuvant therapy. This study found that there
was a significant reduction in local recurrence rates between intervention and control
(11% vs 27%, P < 0.001). The overall rate of local recurrence reduction in patients who
received radiotherapy was 58% (95%CI: 46%-69%). Even though neoadjuvant therapy
had no bearing on postoperative mortality the 5-year survival was significantly higher
in  the  radiotherapy  group  (58%  vs  48%).  This  landmark  study  was  the  first  to
demonstrate improved overall survival in those patients receiving radiotherapy prior
to undergoing curative surgery.

In 2001, The Dutch Rectal Cancer Study Group performed a randomized control
trial comparing the effects of pre-operative radiotherapy and TME surgery in 1861
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Figure 1

Figure 1  Timeline of surgical innovations in the treatment of rectal cancer[81-87]. TME: Total mesorectal excision.

patients[25]. The protocol for neoadjuvant therapy involved 5 Gy of radiotherapy per
day for  five  days  which was  followed by TME surgery.  Patients  were  regularly
followed up every three months for one year and annually thereafter for at least two
years. The overall rate of local recurrence was found to be 5.3%. The cohort treated
with radiotherapy and surgery exhibited local recurrence in 2.4% of cases vs 8.2% in
the surgery only group (P < 0.001). Unlike the Swedish trial, however, there was no
difference in overall survival between the two study arms.

Sebag-Montefiore  et  al[26]  performed  a  multicentre,  randomised,  control  trial
comparing preoperative radiotherapy vs selective postoperative chemoradiotherapy
in patients with rectal  cancer.  This study encompassed 80 centres spanning four
countries.  A total  of  1350 patients  with locally advanced adenocarcinoma of  the
rectum were randomly assigned to a short-course preoperative radiotherapy (25 Gy in
five fractions; n = 674) arm vs surgery with selective postoperative chemoradiotherapy
(45 Gy in 25 fractions with concurrent 5-FU) arm, restricted to patients with a positive
circumferential resection margin (n = 676). The primary outcome was local recurrence
and the median follow-up was 4 years. Ninety-nine patients had developed a local
recurrence  (27  in  the  preoperative  radiotherapy  group  vs  72  in  the  selective
postoperative chemoradiotherapy cohort). The authors noted a reduction of 61% in
the relative risk of local recurrence for patients receiving preoperative radiotherapy
(95%CI: 0.27-0.58, P < 0.0001), and an absolute difference at 3-years of 6.2% (95%CI:
5.3-7.1). Moreover, there was a relative improvement in disease-free survival of 24%
in patients who received preoperative radiotherapy (HR = 0.76, 95%CI: 0.62-0.94, P =
0.013), and an absolute difference at 3-years of 6.0% (95%CI: 5.3-6.8) (77.5% vs 71.5%).
Overall survival did not differ between the groups (HR 0.91, 95%CI: 0.73-1.13, P =
0.40). The authors were able to demonstrate an overall relative risk reduction of 61%
in local recurrence for patients receiving neoadjuvant therapy. The rate of anastomotic
leak in anterior resection patients was similar at one month (9% pre-op radiotherapy
vs 7% post-op chemotherapy). Patients undergoing pre-operative radiotherapy were
more likely to have poor perineal wound healing post-APR (35% vs 22%). Rates of
CRM involvement were also similar between groups (10% vs 12%). Taken with results
from other randomised trials,  the MRC CR-07 findings provided convincing and
consistent  evidence  that  short-course  preoperative  radiotherapy  is  an  effective
treatment option for patients with locally advanced rectal cancer.

In 2004 Sauer et al[27] demonstrated favourable outcomes in relation to long-course
combination therapy of chemotherapy and radiotherapy in the neoadjuvant setting
(nCRT) for the management of rectal cancer. A total of 823 patients with T3/T4 rectal
adenocarcinoma  were  randomised  to  either  a  neoadjuvant  long  course
chemoradiotherapy  arm  or  an  adjuvant  chemoradiotherapy  arm.  Neoadjuvant
therapy  involved  28  fractions  totalling  50.4  Gy.  This  was  supplemented  with
Fluorouracil (5-FU) infusions at weeks one and five. Surgery was performed 6-wk
followed by four cycles of 5-FU at one month post-operatively. Adjuvant patients
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underwent the same adjuvant regimen except for the addition of 540-cGy boost of
radiation. The results confirmed an improvement in 5-year local recurrence rates for
the pre-operative treatment (13% vs 6%) arm. Moreover, 5-year survival rates between
the two arms were not dissimilar (76% vs 74%, P = 0.8). Overall morbidity rates were
36% in the pre-operative arm and 34% in the post-operative arm (P = 0.68). Incidence
of anastomotic leak (11% vs 12%, P = 0.77), post-operative ileus (2% vs 1%, P = 0.26),
post-operative bleeding (3% vs 2%, P = 0.5) and sacral wound healing (10% vs 8%, P =
0.1) demonstrated no significant difference. This study utilised not only long-course
neoadjuvant  therapy but  also  combined chemoradiotherapy in  the  neoadjuvant
phase. The benefits of combined chemoradiotherapy had been previously described
by Fryckholm et al[28] in 2001. In this study, 70 patients were divided into a combined
therapy group and a radiotherapy monotherapy group.  Both groups underwent
surgery within 3-4 wk after completing neoadjuvant therapy. Combined therapy
consisted of 40Gy of radiotherapy over 7 wk with weekly infusions of chemotherapy.
The authors concluded that treatment with combined therapy resulted in improved
local control. Post radical resection surgery, local recurrence rates were 4% and 35%
for the combined group compared to the radiotherapy alone group respectively (P =
0.02). Even with this regimen, no significant difference was appreciated in 5-year
survival between the two cohorts. The combined cohort had a five-year survival rate
of 29% with the radiotherapy group at 18% (P = 0.3).

A recent meta-analysis  comparing short-course with long-course preoperative
neoadjuvant therapy for rectal cancer included eight robust studies[29]. The qualifying
studies included a total of 1475 patients (short treatment: n = 665; long treatment: n =
810). No significant difference was detected in each outcome between the short- and
long-course preoperative treatments. Interestingly, subgroup analysis indicated that
the  outcome  of  distant  metastasis  was  significantly  higher  in  long-course
radiotherapy, compared with short-course radiotherapy (OR = 2.65, 95%CI: 1.05-6.68).

Total neoadjuvant therapy
Intensified treatment has been proposed, in certain cases, for patients who present
with advanced local  disease or those who are partial  responders to neoadjuvant
radiation.  Studies  have  investigated  whether  the  addition  of  further  cycles  of
chemotherapy in the neoadjuvant phase, known as total neoadjuvant therapy (TNT),
had any impact on response rates or long-term outcomes such as local recurrence and
survival.

The GCR-3 trial  was a  Phase II  randomised controlled trial  incorporating 108
patients that were randomised to either receive neoadjuvant chemoradiotherapy and
4 cycles of adjuvant capecitabine/oxaliplatin (CAPOX) chemotherapy or receive 4
cycles of CAPOX in conjunction with radiation in the neoadjuvant phase. Both groups
demonstrated similar pCR rates (13% vs 14%), 5- year overall survival (62% vs 64%)
and 5-year disease free survival (77% vs 74%). Median follow-up was 69.5 months.
The authors noted a significant reduction in the incidence of treatment toxicity (19%
vs 54%, P = 0.004) and increased rate of therapy completion (91% vs 51%, P < 0.0001)
in the TNT cohort[30].

INTERVAL TO SURGERY
To date, there is no consensus regarding the interval between the end of neoadjuvant
chemoradiotherapy and time to surgery.  In 1999,  the Lyon R90-01 trial  aimed to
identify any benefits between short intervals to surgery (< 2 wk) and long intervals to
surgery (6-8 wk) in 201 patients[31]. The trial demonstrated that a long interval was
associated  with  a  greater  treatment  response  rate  (53.1%  vs  71.7%,  P  =  0.007).
Furthermore, the long interval cohort had increased rates of downstaging relative to
the short interval cohort (26% vs 10.3%, P = 0.0054). Patients were routinely followed
up twice a year for 5 years. The median follow-up was 33.5 mo (range, 1-79 mo) The
overall  local  recurrence rate  was 9%.  Both study arms had similar  rates  of  local
recurrence. There was no significant difference in overall survival between both study
arms. The 3-year survival was 78% and 73% for the short interval and long interval
group respectively. In 2016, patient outcomes in this cohort were reanalyzed post
follow-up of 15 years[32]. The long interval group demonstrated superior pathological
response rates (26% vs  10.3%, P  = 0.015).  Pathological response was related with
improved survival  outcomes  for  patients  (P-0.0048).  No differences  were  noted
between both study arms in relation to local recurrence or survival.  Of note,  the
majority of local recurrences presented within 5 years of treatment (96%). In 2017, the
Stockholm  III  trial  results  were  published  in  the  Lancet[33].  This  multicentre,
randomised,  non-blinded,  non-inferiority  trial  aimed  to  determine  the  optimal
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interval to surgery between neoadjuvant therapy and upfront surgery in 840 patients.
Furthermore, the study also sought to determine whether the short course or long
course neoadjuvant therapy had a stronger impact on local recurrence. The first study
arm received 5 fractions of 5Gy radiation followed by surgery within one week, i.e.,
the short course group. The second study arm received a similar dose of radiation
with surgery performed between 4-8 wk, the delayed short course group. The final
study group underwent 25 fractions of 2 Gy radiation with surgery carried out after 4-
8 wk i.e.,  the delayed long course radiotherapy arm. The study demonstrated no
significant difference in local recurrence between the three study arms. Interestingly
there was an increased rate of post-operative complications in the short course cohort
when compared to the delayed short course group (53% vs 41%, P = 0.001) in a pooled
analysis. The overall complication rate was 50% for the Short Course Group, 38% for
the Short Course Delayed Group and 39% for the Long Course Group. Patients who
received short-course therapy had a reoperation rate  of  11% vs  7% for  the other
intervention arms. Surgical complications occurred in 31% of short course patients
with a rate of 26% and 23% for the short course delayed and long course groups,
respectively. Surgical complications were defined as surgical site infections (SSI),
post-operative bleeding, anastomotic leak, wound dehiscence, etc.

A comprehensive meta-analysis and systematic review was conducted by Donlin
Du et al[34] in 2018. This review sought to determine if an extended interval to surgery
(≥ 8 wk) influenced patient outcomes, in particular, pathological complete response
(pCR) rates (defined as the replacement of  tumour cells  with fibrous tissue on a
resected pathological specimen after neoadjuvant therapy). Thirteen studies involving
19652  patients  were  included.  The  meta-analysis  demonstrated  that  pCR  was
significantly increased in patients with locally advanced rectal cancer and a waiting
interval of ≥ 8 wk between preoperative nCRT and surgery compared to a waiting
interval of < 8 wk, or a waiting interval of > 8 wk compared to ≤ 8 wk (risk ratio ¼
1.25; 95%CI: 1.16-1.35; P < 0.0001). There were no significant differences in overall
survival,  disease-free  survival,  operative  time,  or  incidence  of  local  recurrence,
postoperative complications, or sphincter-preserving surgery. This study revealed
that performing surgery after a waiting interval of 8 wk after the end of preoperative
nCRT  is  safe  and  efficacious  for  patients  with  locally  advanced  rectal  cancer,
significantly  improving  pCR  without  increasing  operative  time  or  incidence  of
postoperative complications when compared to a waiting interval of 8 wk.

Moreover in 2018 Kim et al[35]  analysed outcomes for rectal cancer patients who
received differing intervals to surgery after completion of neoadjuvant therapy. The
primary  outcomes  measured  were  pCR  and  tumour  downstaging.  Overall  249
patients  with differing intervals  to  surgery were included.  The majority (45.4%)
underwent surgery within 7 to 9 wk. The shortest time to surgery was within 5 wk
whereas some patients’ surgery was performed over 11 wk after neoadjuvant therapy
was completed. The authors noted a higher rate of pCR in the 9 to 11-wk interval with
a pCR of 8.6% (P = 0.886). Downstaging occurred most frequently in the 7 to 9-wk
cohort with a downstaging rate of 52.9% (P = 0.087).

A meta-analysis incorporating 3584 patients examined the correlations between
interval to surgery and the rate of pCR[36].  The control for this study was patients
treated with surgery 6 to 8 wk after neoadjuvant therapy. There was a higher rate of
pCR in patients operated on after 8 wk (P < 0.0001). The rates of pCR were found to
increase  from  13.7%  to  19.5%.  Other  patient  outcomes  such  as  survival,  local
recurrence, and post-operative complication rates were similar between both groups.

A further multicentre study investigated outcomes for rectal cancer patients treated
with surgery over 12 wk after completing neoadjuvant therapy[37]. Seventy-six patients
were enrolled in the long interval group, with 48 patients undergoing surgery within
12 wk. There was no statistically significant difference between both groups regarding
post-operative complications (P  = 0.547),  readmission rates post-operatively (P  =
0.183) and 30-d mortality (0.148). Histopathological analysis of the resected surgical
specimens demonstrated a pCR rate of 8.3% for those undergoing surgery within 12
wk and 15.8% in those with an extended interval to surgery (P = 0.28). Similarly, there
were no significant differences found regarding morbidity and mortality in either
group.

Overall, debate still continues as to the benefit of long vs short interval to surgery
post neoadjuvant therapy. Patients who undergo prompt resection post neoadjuvant
therapy (< 6 wk) have a shorter duration of treatment yet are at a higher risk of post-
operative complication and downstaging of the tumour. Alternatively, patients with
prolonged  interval  to  surgery  (>  8  wk)  have  a  reduced  rate  of  post-operative
complications with a higher incidence of treatment response and downstaging. If
rectal preservation is the aim of treatment, then long-course radiotherapy is essential
(Table 1).
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Table 1  Impact of radiotherapy on local recurrence and survival

Study n Interventions Local recurrence Overall survival 5-yr disease free
survival

Swedish Rectal Cancer
Trial, NEJM, 1997[24]

1168 25 Gy in 5 fractions in
one week surgery

27% 11% (P ≤ 0.001) 58% 48% (P = 0.004) 74% 65% (after nine
years) (P = 0.002)

Dutch Rectal Cancer
Trial, NEJM, 2001[25]

1861 25 Gy in one week TME
surgery

2.4% 8.2% (P ≤ 0.001) 82% 81.8% (P = 0.2) N/A

MRC CR-07, Lancet,
2009[26]

1350 25 Gy in one week TME
surgery and adjuvant
therapy

27 (674) = 4% 72 (676) =
10.7%

70.3% 67.9% (P = 0.4) 73.6% 66.7% (P = 0.013)

Sauer et al[27], NEJM,
2004

850 50.4 Gy over 5 wk with
5-FU TME surgery

6% 13% 76% 74% 68% 65%

Fryckholm et al[28], 2001 70 40 Gy and 5-FU 40 Gy 4% 35% (P = 0.02) 66% 38% (P = 0.03) 29% 18% (P = 0.3)

Stockholm III trial,
2017[33]

840 Short course Short
course w/ delay Long
course w/ delay

2.24% 2.8% 5.5% 73% 76% 78% 65% 64% 65%

Bujko et al[88], 2016 515 5 × 5 Gy and FOLFOX
50.4 Gy in 28 fractions
w/ 5-FU

22% 21% (P = 0.82) 73% 64.5% (P = 0.055) 53% 52% (P = 0.74)

Trans-Tasman
Oncology Group,
2012[89]

326 5 × 5 Gy in 1 wk 50.4 Gy
in 5 wk

7.5% 4.4% (P = 0.24) 74% 70% (P = 0.62) N/A

Wawok et al[90], 2018 51 5 × 5 Gy 50.4 Gy w/5-
FU

35% 5% (P = 0.036) 47% 86% (P = 0.009) N/A

German
CAO/ARO/AIO-04
study, 2012[91]

1236 50.4 Gy w/ 5-FU
(Control) 50.4 Gy w/5-
FU and Oxaliplatin

4.6% 2.9% 88% 88.7% 71.2% 75.9%

TME: Total mesorectal excision; FU: Fluorouracil; FOLFOX: Folinic Acid, Fluorouracil, Oxaliplatin; 5-FU: 5-Fluorouracil.

COMPLICATIONS OF RADIOTHERAPY
The introduction of neoadjuvant radiotherapy to the management of rectal cancer has
resulted in improved outcomes for patients. This has now been demonstrated by
multiple studies, with all  reporting reduced rates of local recurrence. It  has been
suggested that patients who receive a complete pathological response to radiotherapy
could potentially avoid surgery and the morbidities associated with surgery or at the
very least the adjuvant chemotherapy limb of the current neoadjuvant protocols. The
survival outcome data from these studies are ambiguous, however. The potential
benefit of radiotherapy in treating a rectal tumour must also be balanced against the
risk of  patients  developing serious side effects  secondary to  radiation exposure.
Numerous side effects, complications, and toxicities from radiotherapy have been
reported, ranging from immediate complications such as wound dehiscence, surgical
site infection and anastomotic leak to long-term functional disorders such as low
anterior resection syndrome (LARS) and genitourinary dysfunction.

Radiotherapy toxicity
Radiation toxicity has been recognised since the discovery of radiation in the early
20th century. Symptoms of toxicity are manifold and of variable severity. In order to
accurately quantify and measure such adverse events, a grading system was devised
by the Radiation Therapy Oncology Group (RTOG) and the European Organisation
for the Research and Treatment of Cancer (EORTC). This grading system is specific to
each system or organ exposed to radiation (Table 2).

In 2004 Sauer et al[27]  recorded all incidences of Grades 3 and 4 toxicity in their
patient cohort. In the acute phase, 27% of neoadjuvant patients experienced Grade 3-4
toxicity with 12% of neoadjuvant patients reporting diarrhoea. Long-term data on the
same cohort  demonstrated an incidence  rate  of  14% for  Grade 3-4  toxicity.  This
included 4% of neoadjuvant patients developing a stricture at their anastomosis site.
Of note, the incidence of toxicity was greater in the adjuvant cohort (40% in acute vs
24% in long-term).

The Stockholm III trial reported on the frequency of post-operative complications
and found that the rate of complications was similar overall between patients who
received long-course therapy and those who received a short course[33]. The authors
did note,  that in a pooled analysis,  there was an increased risk of post-operative
complications  in  the  cohort  of  patients  who received short-course  radiotherapy
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Table 2  RTOG/EORTC radiation toxicity grading system for lower gastrointestinal tract

Grade 1 Grade 2 Grade 3 Grade 4

Early radiation toxicity (< 6
mo post radiotherapy)

Increased frequency of bowel
movements not requiring
medical therapy

Increased frequency of bowel
movements requiring
medication or causing
abdominal pain

Diarrhoea requiring IV
treatment, mucous or bloody
discharge PR, abdominal
distention

Acute/subacute bowel
obstruction, fistula formation,
GI bleed requiring
transfusion, abdominal pain
requiring tube
decompression

Late radiation toxicity (> 6
mo post radiotherapy)

Bowel movements of 5 per
day, mild abdominal
cramping, mild PR bleeding

Bowel movements > 5 per
day, increased mucous PR,
intermittent PR bleeding

Obstruction or bleeding
requiring operative
management

Necrosis, perforation, fistula
formation

PR: Per rectum; IV: Intravenous; GI: Gastrointestinal.

without a delay to surgery (53% vs 44%, P = 0.001).
Differences in immediate post-operative outcomes between short course and long

course neoadjuvant patients were analysed by the Trans-Tasman Oncology Group in
2017[38].  The findings of this study indicated increased rates of Grade 3 events in
patients who underwent short-course radiotherapy. These adverse events included
proctitis (0% vs 3.7%, P = 0.016) and diarrhoea (1.3% vs 14.2%, P < 0.001). Conversely,
patients who were administered radiotherapy over a longer course were at higher risk
of developing an anastomotic leak (7.1% vs 3.5%) and perineal wound breakdown
(50% vs 38.3%), however, neither of these were found to be statistically significant.

Anorectal dysfunction and LARS
As noted in the Sauer and Trans-Tasman studies above[27,38], one of the most frequent
and often most distressing side effects of radiotherapy for patients was diarrhoea.
Patients who receive neoadjuvant treatment and undergo anterior resection for distal
rectal tumours are at risk of developing LARS. LARS can present with a myriad of
symptoms including faecal incontinence, faecal urgency and abdominal bloating. The
prevalence of LARS was found to be 42%[39]. The pathophysiology of this syndrome is
attributed  to  impaired  function  of  the  anal  sphincters,  colonic  dysmotility,  and
dysfunction of the neorectal reservoir. The causes of this condition are thought to be
secondary to physical  and neural  factors.  It  is  postulated that  a reduction in the
volume of rectum post-resection contributes to reduced colonic transit times and
therefore increased the frequency of bowel motions. A systematic review in 2008
investigated  bowel  function  outcomes  after  alternative  rectal  reconstructive
techniques. Only two studies included in this review investigated long-term bowel
function outcomes in patients post rectal surgery. The authors concluded that patients
who  received  a  Colonic  J  Pouch  (CJP)  demonstrated  better  outcomes  in  bowel
function than their counterparts who received a Straight Coloanal Anastomosis (SCA)
(P < 0.05[40], P < 0.001)[41]. The authors noted, however, that these benefits were only
apparent for the first 18 mo post-operatively[42].

Neural factors also play a significant role in the development of LARS. Neural
dysfunction can occur post-treatment either as a result of denervation post-surgery or
as a consequence of radiotherapy. In a cross-sectional study on rectal cancer patients
published in 2013, 41% of the total patient cohort of 938 experienced LARS[43]. The
authors  observed that  those  who received neoadjuvant  therapy (long and short
course) and TME surgery demonstrated an increased risk of developing LARS.

In a 14-year follow up study of patients enrolled in the Dutch Rectal Cancer Trial,
the authors observed a 46% incidence of LARS in the 242 patients who responded to
questionnaires[44]. Neoadjuvant radiotherapy and age < 75 years were found to be
significant risk factors. Furthermore, LARS was also associated with a reduction in
Health-Related Quality  of  Life  (HRQOL).  In  a  recent  study by Kupsch et  al[45,46],
reported a significant reduction in HRQOL scores for patients reporting major LARS
using the standardised EORCT-30 and CR38 questionnaire. Patients with major LARS
scored 56 ± 19 compared to minor/no LARS who scored 67 ± 20 (P < 0.001).

Genitourinary dysfunction
Urinary  and  sexual  dysfunction  post-treatment  for  rectal  cancer  can  be  very
distressing  for  patients  and  greatly  impacts  on  their  HRQOL.  Dysfunction  is
secondary to autonomic nerve damage during surgery.  The principal  autonomic
nerves damaged are the superior and inferior hypogastric plexus, the nervi erigenti
and pudendal nerves. Nerve damage is attributed to several factors, including pre-
operative radiotherapy resulting in inflammation of the local tissues. This makes
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delineating surgical planes difficult at the time of surgery. A retrospective study of
288 rectal cancer patients treated laparoscopically was conducted in 2017 in order to
determine risk factors for prolonged pelvic pain post-treatment. Multivariate analysis
demonstrated that extended operating time (P  < 0.001) and resection margins in
proximity to the anal verge (P < 0.001) were independent risk factors for prolonged
pelvic pain[47]. Patients with distal tumours are also more likely to suffer some degree
of genitourinary dysfunction post-operatively as the autonomic nerves are in close
proximity to the rectum.

In a study by Hendren et  al[48],  questionnaires were sent to living rectal  cancer
patients who had been treated at Mount Sinai Hospital, Toronto, Canada between
1980 and 2003. The study found that 29% of women and 45% of men experienced
some degree  of  sexual  dysfunction  after  treatment.  The  authors  described  how
radiation therapy had a strong association (P = 0.0001). The type of surgical procedure
was also related to worse outcomes (P = 0.005) with most patients treated with APR
reporting  sexual  dysfunction.  Moreover,  an  observational  retrospective  study
performed by Costa et al[49] in 2018 found the presence of a stoma post-operatively to
be associated with sexual dysfunction. Attaallah et al[50]  compared rates of sexual
dysfunction in patients treated with laparoscopic TME and those treated with open
TME in 187 patients and reported reduced rates of dysfunction in the laparoscopic
arm compared to open.  The authors noted that  post-operative radiotherapy and
chemotherapy  was  associated  with  male  sexual  dysfunction  only  on  univariate
analysis (P = 0.003, P = 0.03) however failed to maintain significance on multivariate
analysis (P = 0.112, P = 0.818).

Urinary dysfunction encompasses a constellation of symptoms including urinary
incontinence, difficulty in initiating micturition, and urinary retention. Similar to
sexual dysfunction, urinary dysfunction most commonly occurs after neoadjuvant
radiotherapy and surgery for distal tumours. A retrospective observational study in
Sweden found that 36% of men and 57% of women reported urinary incontinence 3
years after undergoing APR[51].

Pelvic fractures
Insufficiency fractures in the pelvis are an underreported adverse event secondary to
neoadjuvant therapy for rectal cancer. Stress fractures are commonly due to loss of
mineralisation in the bone itself. This process is accentuated by radiotherapy which
serves to exacerbate osteopenia via small vessel ischaemia in the bone[52].

A prospective case-control study involving 403 rectal cancer patients was published
in 2018[53]. These patients underwent MRI pelvis imaging 3 years post resection of
their  rectal  tumour  to  assess  for  local  recurrence  and  the  presence  of  pelvic
insufficiency fractures.  Fractures  were  identified in  49  patients  with  39  of  these
patients having received neoadjuvant treatment (P  < 0.001). Multivariate analysis
demonstrated pre-operative CRT (OR: 14.2, 6.1-33.1), female gender (OR: 3.52, 1.7-7.5)
and age over 65 (OR: 3.2, 1.5-6.9) to be significantly associated with the development
of a pelvic fracture. Moreover, a retrospective review of 492 rectal cancer patients who
received  adjuvant  radiotherapy  was  conducted  with  a  median  follow-up of  3.5
years[54].  The  incidence  of  sacral  fracture  in  this  cohort  was  7.1% and identified
osteoporosis as a risk factor for the development of a sacral fracture (HR: 3.23, 1.23-
8.5).

WATCH AND WAIT IN CLINICAL COMPLETE RESPONDERS
In those patients who receive neoadjuvant radiotherapy, there is a small cohort that
has been shown to develop a complete pathological response. This occurs when the
tumour  cells  are  completely  replaced with  fibrous  tissue.  The  relative  extent  of
tumour response is objectively measured using the Mandard Tumour Regression
Grade (TRG). Patients may also develop a Complete Clinical Response (cCR). cCR is
defined  in  accordance  with  the  Response  Evaluation  Criteria  of  Solid  Tumours
(RECIST)[55]. This defines cCR as the absence of tumour on clinical examination and
endoscopy at least 4 wk after completion of neoadjuvant therapy. In 1998, Habr Gama
et  al[56]  proposed  that  those  patients  who  demonstrate  a  (cCR)  to  neoadjuvant
radiotherapy  could  be  managed  by  observation  alone.  When  investigating  the
outcomes of combined neoadjuvant chemoradiotherapy on 118 patients, it was found
that 30.5% exhibited a (cCR) after a follow-up of approximately 36 mo. Furthermore,
26.2%  of  patients  did  not  require  surgical  management  and  38.1%  underwent
sphincter-sparing management after diagnosis of low rectal cancer. In 2004, Habr-
Gama published a controlled trial where complete clinical responders were followed
up by surveillance and incomplete responders proceeded to surgery. The surveillance
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protocol  consisted  of  monthly  clinical  examinations  (including  digital  rectal
examination), CEA levels and proctoscopy. Chest X-Rays in addition to CT imaging of
the abdomen and pelvis were performed every 6 mo for the first year. Clinical follow-
up frequency was increased to between two and six monthly visits after year one of
surveillance. The long-term results of this study demonstrated local recurrence in 2
(cCR)  patients  (n  =  99).  Both  patients  underwent  successful  treatment  with
comparable survival outcomes to the incomplete responder group. It was noted that
recurrence tended to occur after approximately 4-5 years indicating the need for
prolonged surveillance. Distant recurrence was found to be higher in the surgery
cohort (12.5% vs 6%). Finally, disease-specific mortality was found to be 8% in the
surveillance group and 17% in the surgery cohort[57].

Long-term  outcomes  of  watch  and  wait  patients  from  multiple  countries
contributing to the International Watch and Wait Database (IWWD) were assessed in
2018[58]. Each patient included in the study had received neoadjuvant radiotherapy
and were enrolled in frequent surveillance programmes. A total of 880 patients were
included from 47 centres across 15 countries, 87% of which exhibited clinical complete
response (cCR). Two-year cumulative rates of local regrowth were noted in 25.2%.
Five-year overall  survival was 85% with 5-year disease-free survival of 94%. The
OnCore Project, published in 2016, was a propensity score-matched cohort analysis
study[59].  Each patient  underwent  long course  chemoradiotherapy.  Patients  who
demonstrated (cCR) were offered surgery or surveillance. Overall, 129 patients were
observed. Thirty-one patients were prospectively recruited with the remaining data
obtained from a retrospective database of surveillance patients. The authors found
that  34% of  surveillance  patients  developed local  regrowth  with  88% requiring
salvage surgery. There was no significant difference in 3-year overall survival in the
matched analysis of the resection group and surveillance group (96% vs  87%, P  =
0.024).

Innovative methods of delivering radiotherapy have demonstrated encouraging
results  in  cCR  rates  of  rectal  cancer  patients.  An  example  of  such  a  method  is
endocavitary irradiation. This involves the application of X-Ray radiation directly to
the  primary  tumour,  via  a  proctoscope,  in  addition  to  standard  external  beam
radiotherapy  (EBRT).  In  1994,  Gerard  et  al[60],  published  the  results  of  a  study
investigating the outcomes of 414 patients with T2/T3 rectal cancers treated with this
method. This technique resulted in a 91% local control rate in patients who did not
undergo surgery with 90% local control in patients who went on to have curative
surgery. The authors noted that 60% of patients with low/middle rectal tumours
progressed  to  sphincter-sparing  surgery.  These  results  were  replicated  in  a
retrospective 1996 study where 25 patients long-term outcomes were assessed[61].
Within this cohort, 20 patients were managed with curative intent with the remaining
5 patients palliative cases. Local control was accomplished in 18 of the 20 curative
patients and in 4 of the 5 palliative patients. In the curative study arm, 5-year local
control was quoted at 89% with a 5-year survival rate of 76%.

The benefits of endocavitary radiation were confirmed in a Phase III randomised
controlled trial in 2004[62]. Patients (n = 88) with low rectal tumours were randomised
into receiving EBRT (39 Gy over 17 d) or EBRT with Contact X-Ray Radiotherapy
boost  (CXRT) of  85Gy in three fractions.  Complete clinical  response was greatly
increased in patients who received endocavitary treatment compared to EBRT alone
(24% vs 2%). There was also an increase in the rate of sphincter preserving surgeries
performed on patients post endocavitary treatment (76% vs 44%, P = 0.004). These
patients were followed up after a median follow-up of 132 mo[63] .

Local recurrence was lower in the CXRT group compared to EBRT (10% vs 15%, P =
0.69). Overall survival was similar between both study arms (53% vs 54%). Clinical
response data demonstrated that a greater proportion of CXRT patients remained in a
state of cCR after 10 years compared to EBRT (11 patients vs 1 patient). These studies
highlighted the association between endocavitary radiation and cCR in patients with
rectal cancer (Table 3).

Minimally invasive surgery
While radical resection provides the best chance for definitive management for rectal
cancer it may also carry a high risk of poor functional outcome and quality of life for
the patient. This is particularly pertinent for those rectal cancer patients diagnosed
with early-stage disease (cT1-T2). New surgical techniques and surgical tools have
been developed which aim to adequately resect and treat early rectal cancers whilst
minimising  the  risk  of  poor  functional  outcomes  post-operatively.  Traditional
transanal excision (TAE) is utilized for tumours that measure less than 3 cm or equal
to 2 cm in diameter and located within 6-8 cm from the anal verge. It entails accessing
the rectal  lesion via  the  anal  canal  utilizing specialized laparoscopic  equipment.
Difficulties  with  resecting  early  rectal  tumours  via  TAE have  been  noted  in  the
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Table 3  Studies on watch and wait outcomes, n (%)

Study n NA regime Recurrence Salvage therapy Survival post
salvage therapy Survival

Habr-Gama et al[57],
2004

71 Long-course
radiotherapy w/ 5-
FU

Local:2 Distant: 3 2 (100) 100% OS: 100% DFS: 92%

Habr-Gama et al[92],
2014

90 Long course
radiotherapy w/ 5-
FU

Local: 28 (31%) 26 (92.8) OS: 94% OS: 91% DFS: 68%

OnCore Project,
2016[59]

129 45 Gy w/ 5-FU Local: 44 (34%) 36 (88) N/A OS: 96% at 3 yr DFS:
88% at 3 yr

IWWD
Consortium,
2015[58]

880 Chemoradiotherapy:
91%

Local: 25.2% 141 (69) OS: 75.4% DFS: 84% OS: 85% DFS: 94%

Appelt et al[93], 2015 40 Chemoradiotherapy Local: 25.9% at 2 yr 9 OS: 100% at 2 yr
DFS: 100% at 2 yr

OS: 100% at 2 years
DFS: 70% at 2 years

Smith et al[94], 2012 32 Long-course
chemoradiotherapy

Local: 6 (18.75) 6 (100) OS: 100% at 17 mo OS: 96% DFS: 88%
all at 17 mo

Smith et al[95], 2019 113 Local: 22 (19.5) 22 (100) DFS: 91% OS: 73% DFS: 75%

Martens et al[96],
2016

100 Long-Course: 95%
Short Course: 5%

Local: 15% Distant:
5%

13 OS: 92.3% OS: 96.6% DFS:
80.6% all after 3 yr

Lai et al[97], 2016 18 Chemoradiotherapy Local: 2 2 100% OS: 100%

Rijkmans et al[98],
2017

38 External beam
radiotherapy and
brachytherapy
(iridium)

DFS: 42% OS: 63%

Vuong et al[99], 2007 100 External beam
radiotherapy with
brachytherapy
(iridium)

Local recurrence at 5
yr: 5%

DFS: 65% OS: 70%

Gerard et al[100],
2019

74 Contact X-ray
brachytherapy

10% at 3 yr 2 DFS: 88%

Sun Myint et al[101],
2018

83 Contact X-ray
brachytherapy

13.2% after 2.5 yr (n
= 7)

6 DFS: 83.1%

Ortholan et al[63],
2012

45 External beam
radiotherapy with
contact X-ray boost

DFS: 53% OS: 55%

DFS: Disease-free survival; OS: Overall survival.

literature[64,65].  TAE  is  only  suitable  for  resection  of  distal  tumours  as  access  to
proximal rectal lesions is limited. Precision of TAE is reduced, thereby, increasing
rates  of  tumour  fragmentation  during  resection.  Tumour  fragmentation  during
surgery increases the risk of incomplete resection and consequently local recurrence.

In 1983 Professor Gerhard Buess described transanal endoscopic microsurgery
(TEMS) for resecting low rectal lesions[66]. The specialised equipment required for this
procedure allows access to tumours up to 24 cm from the anal verge, greater precision
in tumour resection and a magnified 3D view of the rectum. An endoscope is inserted
in the anal canal to the level of the rectal lesion. This lesion is subsequently resected
via  electrocautery. In a single centre retrospective review, 92 TEMS patients were
followed  up  for  approximately  5  years[67].  The  study  detailed  a  post-operative
complication rate of 10.9%, the most common being urinary retention and bleeding
(both 4.3%). The overall recurrence rate stood at 6.7% with disease-free survival of
98.6% and overall survival of 89.4%[67].

Promising patient outcomes have been reported in those treated with neoadjuvant
chemoradiotherapy preceding TEMS. The CARTS study (Chemoradiation Therapy for
Rectal Cancer in the Distal Rectum followed by organ-sparing Transanal Endoscopic
Microsurgery) followed neoadjuvant patients treated with TEMS for an average of 4.5
years[68]. Of the 55 patients enrolled in the study, 35 (74%) underwent TEMS with 16
patients receiving TME surgery. Local recurrence at 5 years was 7.7% with an overall
survival of 82.8% and disease-free survival of 81.6%. The authors found that TEMS
patients were more likely to gain improved QoL post-operatively. However, 78% of
TEMS patients did report a degree of LARS in the aftermath of their procedure (50%
major LARS, 28% minor LARS).

The outcomes of TEMS in incomplete responders to neoadjuvant therapy has also
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been studied. In a prospective single centre study, 53 patients who were restaged as
T1-T2 after  completing neoadjuvant  therapy were  offered TEMS.  This  cohort  of
patients was found to have a 3-year local recurrence rate of 23% (n = 12). Nine of these
patients exhibited local recurrence and 8 were subsequently managed with salvage
therapy[69] (Table 4).

The  primary  disadvantages  of  the  TEMS  procedure  include  the  high  cost  of
specialised equipment, in addition to the risk of anorectal dysfunction as outlined
above. To mitigate this, a novel hybrid between single-port laparoscopy and TEM for
transanal excision was introduced. Transanal minimally invasive surgery (TAMIS)
involves access to the rectum via a single multichannel port with the use of ordinary
laparoscopic instruments. In the original case series describing TAMIS, in 6 patients,
with an average tumour location at 9.3 cm from the anal verge, were recruited[70].
When compared to TEM, the operative time for TAMIS was shorter compared to
TEMS (86 min vs 120-140 min). Three of the patients were discharged on the same
day.  The  longer  length  of  hospital  stay  for  some patients  was  primarily  due  to
technical difficulties encountered during the procedure such as an anterior lying
tumour and inadvertent  violation of  the peritoneum. There was no incidence of
morbidity or mortality observed in the TAMIS patients after an average follow-up
period of 6.2 wk.

A multi-institutional matched analysis study of both techniques was published in
2017 with the quality of excision examined[71]. Patients requiring excision of benign
and malignant rectal lesions were included. Overall, 428 patients were enrolled and
the quality of excision was assessed based on tumour fragmentation and positive
resection margins. Both TEMS and TAMIS demonstrated similar rates of poor excision
(8% vs 11%, P = 0.223). Post-operative complication rates were also similar between
both groups (11% vs 9%, P = 0.477). Local recurrence in both cohorts was 7% (P =
0.864). The authors noted that TAMIS did allow for shorter operating times and a
reduced length of hospital stay compared to TEMS. This study highlighted the non-
inferiority of TAMIS excision compared to TEMS[71].

Several studies were subsequently published examining the adequacy of TAMIS
excision. The primary determinant of excision quality was the presence of a positive
excision margin on histological  examination of  resected specimens.  Studies  also
examined the average distance of lesions from the anal verge, to analyse the extent of
access TAMIS could achieve within the rectum. A systematic review of 390 TAMIS
procedures conducted over three years was published in 2014[72]. The average distance
of the tumour from the anal verge was 7.6 cm (3-15 cm). Of studies that recorded
margin  status,  4.36% of  resected  specimens  demonstrated  a  positive  margin  on
pathological analysis. Recurrence rates were recorded for 259 patients. The average
rate  of  recurrence  over  a  7  mo  period  was  2.7%.  Furthermore,  a  prospective
observational  study  of  50  TAMIS  patients  was  published  in  2013[73].  Patients
underwent TAMIS for both benign (n  = 25) and malignant (n  = 25) rectal lesions.
Patients were recruited between 2009 and 2011 and received an average follow-up of
20 mo. The average distance of tumour to the anal verge was 8.1 cm (3-14 cm). The
rate  of  positive  margins  on  histology  was  6%.  There  was  a  4%  recurrence  rate
documented after 20 mo of follow-up.

A larger study published in 2016 involved 75 patients[74]. The majority of lesions
excised via  TAMIS were benign with 17 patients treated for malignant lesions via
TAMIS [59 benign (77.3%), 17 malignant (22.7%)]. The average distance from the anal
verge was 10 cm (6-16 cm). Of note, two patients required temporary ileostomies after
the peritoneal cavity was inadvertently entered. Average follow-up was over 39.5 mo.
Of  the  17  patients  treated  for  rectal  cancer,  5  (29%)  had  positive  margins  on
pathology. Within this group, 2 patients went on to have a radical resection, 1 patient
was deemed too high risk for radical surgery whilst another declined further surgery
altogether. The fifth patient underwent a period of surveillance and was referred to
medical  oncology.  Only  one  patient  treated  for  rectal  cancer  and with  negative
margins on histology developed local recurrence and underwent an APR. This study
was unique relative to those described above as it detailed the frequency and severity
of  post-operative complications from TAMIS.  The common theme of  the studies
outlined above is that rectal lesions, both benign and early malignant tumours, can be
safely and adequately resected via  TAMIS.  The average local  recurrence rate for
TAMIS resections  is  similar  to  those  resected via  traditional  TME.  It  is  essential
however that appropriate patient selection is conducted in advance of any TAMIS
procedure in order to further minimise the incidence of local recurrence.

The description of techniques such as TAMIS, TEMS, and TAE is in keeping with
the global focus on minimally invasive surgery. The trials described above serve to
demonstrate  that  minimally  invasive  surgery  is  a  safe  and  effective  means  of
surgically managing early, localised rectal cancer. Further advances in this field are
being achieved through the use of robotics and novel techniques such as transanal
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Table 4  Outcomes in transanal endoscopic microsurgery

Study n Post-op complications Local recurrence Survival

Lee et al[71], 2017 247 11% 7% DFS: 80%

CARTS study, Stijns et al[68], 2019 47 N/A 7.7% DFS: 81.6% OS: 82.8%

O’Neill et al[67], 2017 92 10.9% 6.7% DFS: 98.6% OS: 89.4% (after 3 yr)

Jeong et al[102], 2009 45 0 15.5% DFS: 88.5% OS: 96.2%

Stipa et al[103], 2012 86 (T1 patients) N/A 11.6% (for T1 tumours) OS: 92% (for T1 patients)

Baatrup et al[104],2009 143 N/A 18% DFS: 87% OS: 66%

Van Den Eynde, 2019[105] 53 40% N/A N/A

DFS: Disease-free survival; OS: Overall survival.

total mesorectal excision (taTME). Robotic transanal surgery (RTS) involves multiple
robotic arms being utilised to resect a rectal lesion via  a transanal approach. The
robotic  arms  are  introduced  transanally  through  a  multichannel  port.  Robotic
Transanal Surgery was first described in 2011[75]. Initial studies were performed in a
dry lab  setting,  to  assess  feasibility.  Later  studies  were  performed on cadaveric
models. The first documented description of RTS on a human patient was performed
in 2012[76]. There were no immediate post-operative complications and the patient was
discharged home on day one. The patient was followed up for 6 wk. In 2019 Tomassi
et al performed a retrospective study of 58 patients who underwent RTS[77]. Within this
cohort,  28  patients  were  operated  for  early  localised  rectal  cancer,  11  for  rectal
carcinoid, 1 patient for rectal GI stromal tumour and the remainder for excision of
rectal  polyps.  Specimen fragmentation was recorded in 1.7% of  cases and 94.8%
demonstrated negative margins on histopathology. After a mean follow-up of 11.5 mo
(range,  0.3-33.3  mo),  3  patients  (5.5%)  demonstrated  local  recurrence  with  all  3
patients proceeding to salvage surgery.

taTME involves  resecting  rectal  tumours  via  a  transanal  and  transabdominal
approach. The transabdominal approach involves an operating team mobilising the
sigmoid colon and resecting the rectum proximal to the tumour allowing for adequate
margins. A multichannel port is inserted into the anal canal by a second operating
team with dissection proceeding distal to the rectal tumour. The transanal dissection
proceeds proximally with simultaneous abdominal dissection distally[78]. A long-term
follow-up of 373 patients treated with taTME was performed in 2017[79]. The majority
of patients were treated for distal rectal tumours (91%) and received long-course
neoadjuvant therapy preceding resection (97.7%). Good quality TME was performed
in 96% of cases with a negative circumferential resection margin documented in 94%
of patients. Morbidity and mortality rates following the procedure were 13.4% and
0.3% respectively.  Local  recurrence rates  in  this  cohort  were  7.4% with a  5-year
survival  rate  of  90%.  Furthermore,  a  systematic  review  and  meta-analysis  was
conducted comparing outcomes between rectal cancer patients treated with open,
laparoscopic, robotic and transanal excision of their tumours[80]. Overall, 29 studies
were included incorporating 6237 patients. Post-operative morbidity was decreased in
patients treated via laparoscopic and robotic surgery when compared to open. Similar
findings were demonstrated in regards to the length of hospital stay. Quality of TME
resection  was  found  to  be  higher  in  open  (OR  =  1.52,  1.19-1.93)  and  transanal
resections  compared  to  laparoscopy.  No  significant  differences  were  described
regarding  the  incidence  of  anastomotic  leaks,  local  recurrence  rates  and  5-year
survival among patients (Table 5).

CONCLUSION
Management of rectal cancer has evolved significantly over the course of the past
century. Local recurrence rates and overall survival have increased progressively as a
consequence of refinements in surgical techniques and instrumentation, culminating
with  the  description  of  the  TME.  Studies  outlining  novel  minimally  invasive
approaches to accessing rectal lesions are producing intriguing results. These newer
approaches require  strict  criteria  for  patient  selection and are  most  effective for
treating  early,  localised rectal  cancers.  The  advent  of  neoadjuvant  therapy,  and
neoadjuvant radiotherapy, in particular, has resulted in further improvements in local
recurrence. There have been numerous studies examining the benefit in enrolling
patients with a complete response to radiotherapy into surveillance programmes.
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Table 5  Transanal minimally invasive surgery studies

Study Pt numbers (n) Average distance
from Anal Verge (cm) Positive margins Local recurrence Average length of

follow-up

Atallah et al[70], 2010 6 9.3 0 N/A N/A

Albert et al[73], 2013 50 8.1 6% 2 (4%) N/A

Keller et al[74], 2016 75 17 (malignant) 58
(benign)

10 5

Garcia-Florez et al[106],
2017

32 5.6 1 10.3% 26 mo

Van den Eynde et
al[105], 2019

68 6 12% N/A 30 d

Melin et al[107], 2016 29 6.79 3 1 Retrospective study

Medical professionals must be mindful of the side effect profile of radiotherapy such
as long-term genitourinary and anorectal dysfunction. Therefore, it is essential that
the nomination of patients for neoadjuvant radiotherapy should occur only after
careful consideration and discussion by a multidisciplinary team of rectal cancer
specialists.
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