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Abstract: Radiotherapy (RT) has remained an important pillar in the multi-modality management of

rectal cancer. Adjuvant RT with concurrent chemotherapy (chemo-RT) was once the standard of care for

locally advanced rectal cancer, but with time, that has now changed and neoadjuvant chemo-RT followed

by total mesorectal excision (TME) surgery is the new standard. Alternatively, neoadjuvant RT alone

remains an option and clinicians are tasked to choose between the two. In an era of personalised oncological

management, it is unsurprising that the treatment for rectal cancer is following suit and upcoming trials are

studying ways to improve outcomes and minimise toxicity for patients while tailoring treatments specific to

each patient’s tumour. We review the evolution of the role of RT in rectal cancer and look forward to what

the future holds.
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Introduction

In 2018, 1.8 million people worldwide were diagnosed with
colorectal cancer and 881,000 deaths from it were expected.
It is the third most common cancer worldwide and second
most common cause of cancer mortality (1). One third of
colorectal cancers involve the rectum. A multidisciplinary
approach is used in the treatment of rectal cancer which
involves the three modalities of cancer therapy: surgery,
chemotherapy and radiotherapy (RT).

RT in early stage rectal cancer
Endocavitary radiation

In 1973, Papillon proposed the use of endocavitary
radiation for the treatment of early stage rectal cancers.
The procedure involved the use of a specialised proctoscope
which permitted the passage of an X-ray tube, placed in
direct contact with the tumour. Tumours suitable for this
treatment were usually small, T1 or T2 tumours. Three to
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five applications lasting 2—4 minutes each were applied to
the tumour over 4-6 weeks. It was well tolerated by elderly,
frail patients and could be done as an outpatient (2). Their
analysis of 312 patients found that 5-year local and nodal
failure rates were 4.5% and 3.8%, respectively. The rate of
death from cancer was 7.7% (3).

Despite the advantages of endocavitary radiation being
non-invasive, well tolerated and with good outcomes, few
centres around the world have perpetuated this technique.
This is largely due to the advancement of newer surgical
techniques such as Trans-anal Endoscopic Micro Surgery
(TEMS) and Trans Anal Minimally Invasive Surgery
(TAMIS) which are currently offered to patients with
early-stage rectal cancers (4).

Preoperative chemo-RT followed by local excision

ACOSOG Z6041 was a multi-institutional prospective
study that investigated the outcomes of preoperative
chemo-RT and local excision in patients with early-stage
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Study No. of patients Tumour stage Adjuvant therapy 5-year local control 5-year overall survival
Sun et al., 2014 (10) 116 T1-T2 RT T1: 100%; T2: 92.7% 72%

Suzuki et al., 2018 (11) 65 T1 Chemo-RT 98% 92%

Russell et al., 2000 (12) 65 T1-T3 Chemo-RT T1:96%; T2: 84%; T3: 77% NR

Jeong et al., 2016 (8) 83 T1-T2 Chemo-RT 91% 94.9%

Steele et al., 1999 (13) 177 T1-T2 Chemo-RT (only for T2) T1: 97%; T2: 86% 85%

Lee et al., 2015 (9) 66 T1 RT 94% NR
Mendenhall et al., 2001 (14) 67 T1 RT 86% 90%
Greenberg et al., 2008 (7) 59 T1-T2 Chemo-RT (only for T2) T1: 92%; T2: 82% T1: 84% at 10 years;

T2: 66% at 10 years

RT, radiotherapy; NR, not reported.

(T2NO) rectal cancers. At a median follow-up of 56 months,
3-year disease-free survival was 88.2% in the intention-
to-treat group and 86.9% in the per-protocol group.
They concluded that preoperative chemo-RT followed by
local excision could be considered as an organ-preserving
alternative in these early-stage tumours, but this conclusion
could not be extrapolated to locally advanced tumours that
had a good response (5).

Postoperative RT after local excision

The desire to maintain quality of life for rectal cancer
patients led to the investigation of local excision of
early-stage rectal cancers rather than radical surgery. Results
from studies comparing local excision to radical surgery
have been mixed and currently only clinically staged T'1
tumours with favourable histology are considered for local
excision alone (6).

In order to improve the oncological outcomes of local
excision, the Cancer and Leukemia Group B (CALGB)
conducted a prospective study looking at patients with
T'1 and T2 distal rectal cancer treated with local excision,
where only T2 tumours received adjuvant chemo-RT. They
found that T2 tumours had a higher rate of recurrence and
shorter overall and disease-free survival even with adjuvant
chemo-RT, when compared to T1 tumours treated with
local excision alone (7).

A Korean group studied a similar group of patients
(T'1 or T2 rectal cancer) whom all underwent adjuvant
chemo-RT after local excision in an attempt to avoid radical
resection. They found the only significant factor affecting
disease-free survival was tumour stage and patients with T2
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tumours had inferior disease-free survival compared to T'1
tumours (8).

A single hospital case-control study evaluated the
efficacy of adjuvant RT alone after local excision for early
rectal cancer (T'1 only). The recurrence-free survival at
5 years was 96.8 % in the adjuvant RT group and 97% in
the local excision group (P=0.657), showing that RT may
not improve recurrence-free survival compared with local
excision alone (9).

Table 1 summarises the studies investigating local excision
followed by RT/chemo-RT.

RT in locally advanced rectal cancer

Prior to the mid-1980s, surgery alone was the mainstay
of treatment of locally advanced rectal cancer. This
unfortunately resulted in high local recurrence rates and
poor overall survival. With the advent of TME surgery,
local recurrence rates were reduced to the order of 5-10%
and therefore became the standard of care (15). In the
1990s, early randomised trials established surgery follow by
RT alone as the standard of care for patients with T3/4, N+
rectal cancer (16). This sequence of treatment modalities
improved local recurrence rates and also allowed for
accurate histopathological staging, avoiding overtreatment
in patients.

The National Surgical Adjuvant Breast and Bowel
Project (NSABP) R-01 trial compared adjuvant
chemotherapy and adjuvant RT to observation and found
that adjuvant chemotherapy improved disease-free survival
and overall survival compared to no further treatment,
while adjuvant RT improved local recurrence rates but had
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no impact on disease-free survival (17).

Two randomised trials then investigated the role of
adjuvant chemotherapy and found that combined modality
treatment improved local recurrence rates compared
to either adjuvant chemo-RT or RT given alone. Both,
however, showed no difference in overall survival (18,19).

However, O’Connell et al. was able to show that the
combination of a protracted infusion of fluorouracil and
RT improved time to relapse and survival in a randomised
trial of patients with stage 2 or 3 rectal cancer. Six hundred
and sixty-six patients were randomised to concurrent
intermittent bolus injections or protracted venous infusions
of fluorouracil with postoperative radiation. They also
received systemic chemotherapy with semustine plus
fluorouracil or with fluorouracil alone in a higher dose,
administered before and after RT. After a median follow-up
of 46 months, patients who received the protracted infusion
of fluorouracil had a significantly increased time to relapse
(P=0.01) and improved survival (P=0.005) (20).

The NSABP R-02 trial sought to provide further
evidence that adjuvant chemoradiation was beneficial. Three
hundred and forty-six patients were randomised to adjuvant
chemotherapy alone or adjuvant chemo-RT. They found that
the addition of RT improved local recurrence rates but had
no benefit for disease-free survival or overall survival (21).

In 1990, the National Institute of Health advocated the
standard of care for locally advanced rectal cancer should be

surgery followed by adjuvant chemo-RT (22).

Preoperative vs. postoperative chemo-RT

In 2004, the seminal German CAO/ARO/AIO 94 phase III
trial compared preoperative to postoperative chemo-RT in
823 patients with locally advanced rectal cancer (T3 or T4
or node positive) and found significantly lower recurrence
rates and acute and chronic toxicity with preoperative
chemo-RT. The 5-year cumulative incidence of local
recurrence was 6% and 13% in the pre- and postoperative
arms respectively (23). The 10-year cumulative incidence
of local recurrence was 7.1% and 10.1% in the pre- and
postoperative arms, respectively (P=0.048). There were no
significant differences for 10-year cumulative incidence of
distant metastases and disease-free survival (24).

The NSABP-R-03 trial also compared preoperative
to postoperative chemo-RT in a similar group of patients
as the German trial. The 5-year disease-free survival for
preoperative patients was 64.7% vs. 53.4% for postoperative
patients (P=0.011). The S5-year overall survival for
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preoperative patients was 74.5% vs. 65.6% for postoperative
patients (P=0.065). Although not statistically significant,
there was a trend to improved overall survival. A complete
pathologic response was achieved in 15% of preoperative
patients (25).

Short course RT

In the pre-TME surgery era, the Swedish Rectal Cancer
Trial recruited patients with ¢T1-3 rectal cancer and
randomized them to receive short course RT 25 Gy/5#
followed by surgery versus surgery alone. The preoperative
RT group had a significant decrease in local recurrence
rates (12% vs. 27%; P<0.001) and a significant improvement
in 5-year overall survival (58% vs. 48%; P=0.004) (26).
After 13 years, the overall survival rates are still significantly
improved (38% wvs. 30%; P=0.008) (27). This is the only
trial investigating preoperative short course RT to show an
overall survival benefit for preoperative RT.

Subsequently, the Dutch conducted a randomised trial
comparing TME surgery to preoperative RT (25 Gy/5#)
followed by TME surgery. There was no difference in
overall survival but there was significant increased local
control in the preoperative RT arm of 5.6% compared to
10.9% in the TME surgery alone arm (28).

The MRC CRO07 and NCIC-CTG CO016 trial compared
short course preoperative RT to post-operative chemo-
RT for patients with operable rectal cancer. The local
recurrence rate for preoperative RT was lower at 4.4%
compared to post-operative chemo-RT at 10.6%. There
was a relative improvement in disease-free survival of 24%
for the preoperative RT arm and overall survival did not
differ between the two arms (29).

Short course RT vs. long course chemo-RT

Two options for neoadjuvant therapy prior to surgery
for the management of rectal cancer are currently in use:
short course RT (25 Gy/5#) or long course chemo-RT
which usually consists of 50.4 Gy/28# RT with concurrent
chemotherapy. In the United States of America, long course
chemo-RT remains the standard of care due to concerns
regarding late radiation toxicities with a hypofractionated
schedule. However, in Europe, short course RT is the
preferred option (30).

In 1993, the European Organisation for Research and
Treatment of Cancer (EORTC) 22921 trial was published
which investigated the benefit of preoperative chemo-RT
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versus preoperative RT alone and the benefit of additional
chemotherapy versus none. A total 1,011 patients were
enrolled and no significant difference was found between
pre- and post-operative chemotherapy. Local control rates
were 8.7%, 9.6%, and 7.6% in the groups that received
chemotherapy preoperatively, postoperatively, or both,
respectively, and 17.1% in the group that did not receive
chemotherapy (P=0.002). The authors concluded that it was
not the timing of chemotherapy that determined benefit
but the mere inclusion of chemotherapy in the treatment
regime that conferred benefit 31).

Compared to post-operative RT, preoperative RT
has the advantage of downsizing the tumour to improve
circumferential resection margins and increase the chances
of a sphincter saving procedure (32). The tumour is also
better oxygenated and hence increasing its radio-sensitivity
to RT. The anastomosis will be unaffected postoperatively
as any irradiated tissue would have been resected. However,
the main disadvantage of this approach is the potential
overtreatment of patients which is expected to occur in
about 18% of patients (23).

Led by Bujko, the Polish group compared preoperative
short course RT with conventionally fractionated chemo-
RT for T3 or T4 resectable rectal cancer. There was
no significant difference in overall survival, disease-free
survival, local recurrence rates or late toxicity (33).

These outcomes were corroborated by the Trans-
Tasman Radiation Oncology Group (TROG) 01.04 trial
which also compared short course RT and long course
chemo-RT and found no significant difference in the 3-year
local recurrence rates of 7.5% for short course RT and 4.4%
for long course chemo-RT. The 5-year overall survival
rates were similar at 74% and 70% for short course RT and
long course chemo-RT respectively. They found that long
course chemo-RT was more effective at reducing the local
recurrence for distal tumours. Late toxicity was similar for
both arms (34).

We would recommend long course chemo-RT for
patients with T4 tumours invading adjacent organs,
threatened circumferential margins and distal tumours.
Short course RT is a valid option for all other tumours.

Intensity-modulated RT (IMRT) vs. 3D conformal RT

The standard RT technique for treating rectal cancer
has been 3D conformal RT, however with the advent of
IMRT and its advantages of improved dose conformality
allowing lower doses to organs at risk (OARs), its use has
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been increasing. Dosimetric studies showed that the bowel
volume receiving 45-50 Gy was significantly reduced with
IMRT which could potentially reduce bowel toxicity (35).

Figure 1 shows the dose distribution for 3D conformal
RT and IMRT.

David ez al. compared IMRT to 3D conformal RT when
used as neoadjuvant therapy with concurrent chemotherapy
for local advanced rectal cancer. They analysed 128 patients
and found that IMRT was significantly associated with less
toxicity and improved partial responses (36).

Tey er al. conducted a Phase 2 trial involving 23
patients with locally advanced rectal cancer treated with
concurrent capecitabine and dose escalated IMRT (55 Gy in
25 fractions). Thirty-five percent of patients had a
pathological complete response and 65% of patients
had tumour downstaging. At a median follow-up of
38.2 months, there was no local recurrences and only one
patient (5%) had grade 3 radiation proctitis (37).

Currently, the National Comprehensive Cancer Network
(NCCN) recommend that IMRT should only be used in the
context of a clinical trial (38), however it can be considered
in patients with distal rectal/anal adenocarcinomas in whom
the inguinal lymph nodes are treated. Chemo-IMRT is also
a reasonable option in patients who refuse or who are not
surgical candidates. RT dose escalation in these patients
have been shown to be safe and associated with high rates of
complete responses (37).

Higbh dose rate brachytherapy (HDRBT)

The use of HDRBT for rectal cancer has been studied as
an alternative RT technique which would allow a highly
conformal dose distribution to the rectal tumour while
reducing dose to the adjacent OARs such as the bladder.
Figure 2 shows the conformal dose distribution for HDRBT
of the rectum.

Using data from the Swedish Rectal Cancer Registry,
318 patients treated with preoperative HDRBT followed
by surgery were matched to 318 patients who received
preoperative short course RT and 318 patients who received
no preoperative therapy. There was less perioperative
bleeding in patients who underwent HDRBT and the
re-intervention rate was also lower in these patients. The
HDRBT group also had fewer R2 resections (39).

A systematic review analysed 12 studies which
investigated preoperative HDRBT with chemo-RT or
HDRBT alone. They found that the pathologic complete
response rate ranged between 18% and 31%; RO resection
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Figure 1 Dose distribution for 3D conformal radiotherapy (left) and IMRT (right). Prescription dose 50.4 Gy. IMRT, intensity-modulated

radiotherapy.

Figure 2 Dose distribution for rectal high dose rate brachytherapy. Prescription dose 8 Gy (100%), 12 Gy (150% of prescribed dose). Blue

circle is the clinical target volume (CTV).
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rate was between 80% and 99%; and sphincter-preservation
rate was between 29% and 54%. The 2-year progression-
free survival and overall survival rates were 68.1% and
81.5%, respectively. After preoperative HDRBT alone,
the pathological complete response rate ranged between
10.4% and 27%, the RO rate was 96.5% and the sphincter-
preservation rate ranged between 53.8% and 75.8%. The
S-year progression-free survival and overall survival rates
were 66.6% and 70.8%, respectively (40).

The phase 1 HERBERT study evaluated the toxicity and
efficacy of HDRBT boost after external beam RT (EBRT)
for elderly or medically inoperable patients with rectal
cancer. They reported a 60.6% complete response rate with
2-year local progression-free survival and overall survival
of 42% and 63% respectively. However, severe toxicity was
observed in 10 out of 32 (31%) patients (41).

As such, HDRBT for rectal cancer is still investigational
and requires further studies to support its use in clinical
practice. HDR brachytherapy can be used alone, or in
conjunction with EBRT for patients with rectal cancer
treated with palliative intent (42).

Timing of surgery

The optimal timing of surgery after preoperative therapy
has been debated. The Lyon R90-01 trial compared an
interval of 2 weeks versus 6-8 weeks between completion of
RT and surgery. The longer interval between preoperative
RT and surgery was associated with a significantly better
clinical tumour response (53.1% in the 2-week group vs.
71.7% in the 6-8-week group, P=0.007) and pathologic
downstaging (10.3% in the 2-week group vs. 26% in the
6-8-week group, P=0.005). They found no difference in
morbidity, local relapse, and short-term survival between
the two groups (43).

Habr-Gama ez a/. investigated an even longer interval
after neoadjuvant therapy of 12 weeks and found that a
delay in surgery after neoadjuvant chemoradiotherapy is
safe and does not negatively affect survival (44).

A population study of 2,094 patients showed that
lengthening the interval (>13 weeks) from chemo-RT to
surgery improves the pathological response, be it complete
or partial (45).

GRECCAR 6 was a randomised controlled trial that
compared an interval of 7 to 11 weeks from completion of
neoadjuvant chemo-RT to surgery. Their primary endpoint
was a pathological complete response (ypTONO) and
they found no difference between the two arms. Waiting
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11 weeks was associated with a worse quality of mesorectal
resection surgery (46).

Achieving a pathological complete response was an
added benefit of delaying surgery and it was shown in
several studies that a longer interval between neoadjuvant
therapy and surgery was associated with a higher chance of
achieving a pathological complete response. This, in turn,
was associated with improved disease-free survival and local
control (47-49).

The results of the Stockholm 3 trial were highly
anticipated as it was thought to answer the question of the
optimal RT fractionation and interval between RT and
surgery. In this multicentre, randomised, non-blinded,
phase 3, non-inferiority trial, 840 patients were randomised
to receive either 5x5 Gy radiation dose with surgery within
1 week (short-course RT) or after 4-8 weeks (short-course
RT with delay) or 25x2 Gy radiation dose with surgery after
4-8 weeks (long-course RT with delay). They concluded
that the outcomes of delaying surgery after short-course
RT were similar to short-course RT with immediate
surgery. Long-course RT with delay was similar to both
short-course regimens, but prolonged the treatment time
substantially. Therefore, they recommended short-course
RT with delay to surgery as an alternative to short-course
RT with immediate surgery (50).

Is surgery necessary?

Preoperative therapy has been shown to be beneficial in
terms of tumour downstaging and some patients achieve
pathological complete responses. Retrospective institutional
data showed that between 50-70% of patients achieve
tumour or nodal downstaging and 11-13% of patients
achieve a pathological complete response (51,52). Other
publications have demonstrated a pathological complete
response rate of 20-30% and this predicted for improved
overall survival (53,54).

Since patients who achieved complete responses also
achieved better long-term outcomes compared to those
who did not, the question of whether this subset of patients
could avoid or minimise surgery became an area of interest.
Local excision after neoadjuvant therapy was investigated as
an option of organ preservation.

GRECCAR 2 was a prospective, randomised, open-
labelled, multicentre, phase 3 trial conducted at 15 tertiary
centres in France with the aim of demonstrating superiority
of local excision over TME for patients with T2-T3 lower
rectal carcinoma, of maximum size 4 ¢cm, who had a good
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Study ’:cc:r.nc;;ztir:p?ovng Radig:):rapy Local control % req::irr;i;alvage Overall survival
Habr-Gama et al., 2013 (59) 47 54 Gy 83% at 3 years 91% 94% at 3 years
Renehan et al., 2016 (60) 129 45 Gy/25# 62% at 3 years 88% 96% at 3 years
Appelt et al., 2015 (61) 40 60 Gy/30# 74% at 2 years 100% 100% at 2 years
Martens et al., 2016 (62) 61 NR 84.6% at 3 years NR 96.6% at 3 years

NR, not reported.

clinical response to neoadjuvant chemoradiotherapy.
Unfortunately, they failed to show superiority of local
excision over TME, because many patients in the local
excision group received a completion TME that likely
increased morbidity and toxicity, compromising the
potential advantages of local excision (55).

Non-operative approach

Habr-Gama et 4l. conducted a trial to investigate if a non-
operative approach for stage 0 rectal cancer was feasible.
Two-hundred and sixty-five patients with resectable distal
rectal cancer received neoadjuvant long course chemo-RT.
Patients were reassessed at 8 weeks following treatment,
using clinical, radiological and endoscopic examinations.
Seventy-one patients (26.8%) achieved a clinical complete
response; they avoided immediate surgery and had to follow
a strict surveillance program. After a median follow-up
of 57.3 months, only two patients had a local recurrence,
and three patients developed systemic disease. The 5-year
overall survival and disease-free survival rates were 100%
and 92%, respectively. This landmark study pioneered
a daring new concept in rectal cancer management and
championed the potential for organ preservation (56).

Maas er al. added further evidence to support this
treatment strategy with his prospective cohort study using
a “Wait and see” approach for clinical complete responders.
They reported a 2-year disease-free survival and overall
survival of 93% and 91%, respectively which was at least
as good as that of patients with a pathological complete
response after surgery (57).

A systematic review and meta-analysis of this approach
found no significant difference between patients managed
with watch-and-wait and patients with clinical complete
response treated with surgery in terms of non-regrowth
recurrence, cancer-specific mortality, disease-free survival
or overall survival (58).
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Table 2 summaries prospective studies investigating the
non-operative approach (63).

Total neoadjuvant therapy

In view of the promising results of this nonoperative
approach to managing rectal cancer, total neoadjuvant
therapy, incorporating both chemotherapy and concurrent
chemoradiotherapy in the neoadjuvant setting is being
investigated.

Cercek and colleagues reported the safety and efficacy of
initial FOLFOX before chemo-RT and its effect on tumour
downsizing and pathological complete response in patients
with locally advanced rectal cancer. Twenty-two out of 61
patients (36%) had either pathological or clinical complete
response. Forty-nine patients underwent surgery and all had
RO resections. Twenty-three (47%) had tumour response
of more than 90%, including 13 (27%) with pathological
complete response (64).

Markovina et al. reported improved metastasis- and
disease-free survival with preoperative sequential short-
course RT and FOLFOX chemotherapy when compared
to neoadjuvant long course chemo-RT in a matched pair
analysis. They compared treatment and toxicity outcomes
between near total neoadjuvant therapy (nTNT) and the
standard of care (neoadjuvant chemo-RT followed by
surgery and adjuvant chemotherapy). Three-year disease-
free survival (85% wvs. 68%, P=0.032) was significantly better
in the n'TNT group. Three-year local control and overall
survival were similar (65).

A multi-institutional, randomised phase II study is
investigating the efficacy of total neoadjuvant therapy
and selective non-operative management in rectal cancer
patients. Patients with stage II or III rectal cancer will
be randomized to receive FOLFOX/CAPEOX: (I)
before induction neoadjuvant chemotherapy or (II) after
consolidation neoadjuvant chemotherapy, with 5-FU or
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capecitabine-based chemoradiation. Those with residual
tumour at the primary site will undergo surgery. Patients
with clinical complete response will receive non-operative
management (66).

As yet, there is no randomised phase 3 trial evidence to
propel this treatment strategy into regular clinical practice but
it does leave the future open to a potentially remarkable way of
treating rectal cancer without surgery in selected cases.

Response assessment after RT

In a bid to better select the patients who would be suitable
for the non-operative approach, investigators have studied
various imaging modalities that would help to predict
treatment response after neoadjuvant therapy.

Travaini et 4l. evaluated the ability of Positron emission
tomography/computed tomography (PET/CT) with
fluorodeoxyglucose ("*F-FDG) to accurately predict
treatment response after neoadjuvant chemo-RT. They
found that responders (patients who achieved downstaging
or downsizing) and non-responders had differences in their
early and post-treatment maximal standardised uptake value
(SUVmax) percent reduction (67).

In the MERCURY trial, magnetic resonance imaging
(MRI)-assessed tumour regression grade and circumferential
resection margin were imaging markers that could also
predict better overall and disease-free survival for good
responders to neoadjuvant therapy (68).

A meta-analysis and systematic review of using MRI
found a mean sensitivity of 50% and specificity of 91%
in detecting residual tumour using standard 7, weighted
sequences during restaging MRI after neoadjuvant chemo-
RT. Sensitivity was improved with diffusion-weighted
imaging (DWI) or with experienced observers (69).

Ongoing trials

Thus far, all of treatment strategies have improved local
control but few have an impact on overall survival. The
RAPIDO trial aims to address this issue in the hope
of improving overall survival for rectal cancer patients
by delivering short-course RT (25 Gy/5#) followed by
chemotherapy (capecitabine and oxaliplatin) in 6 cycles
before surgery. This will be compared to the standard
chemoradiation (45-50 Gy/25#with capecitabine)
preoperatively, followed by selective postoperative adjuvant
chemotherapy (70).

The PROSPECT trial is investigating preoperative
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chemotherapy alone compared to chemo-RT in a bid to
decrease the toxicity of radiation for rectal cancer patients. The
purpose of the trial is to compare the effects of the standard
treatment of chemotherapy and radiation to chemotherapy
alone with FOLFOX and selective use of the standard
treatment, depending on response to the FOLFOX (71).

Biomarkers

Following in the footsteps of other organ subsites, we delve
deeper into cancer genomics and investigate the ability of
biomarkers to predict the responsiveness to neoadjuvant
therapy.

Several biomarkers have been studied but few have
declared themselves superior to others and few are in
routine clinical use.

A meta-analysis investigating the ability of p53 status as
a predictive biomarker for patients receiving neoadjuvant
radiation-based treatment found that wild-type form of
p33 status (low expression of p53 protein and/or wild-
type p53 gene) was associated with pathologic response in
these patients. The association between response and the
presence of p53 gene mutations was stronger than that
between response and protein positivity (72).

Circulating tumour cells (CTCs) were found to be
advantageous over serum carcinoembryonic antigen in
predicting treatment responses in rectal cancer. One
hundred and three rectal cancer patients were analysed
before and after chemoradiotherapy. CTCs were detected
in all patients while none were detected in healthy controls.
CTC levels in metastatic patients were significantly
higher than those with localised disease. There was a close
relationship between CTC levels and treatment outcomes
unlike serum CEA which did not have any correlation (73).

D’Angelo et al. performed microRNA microarray
analysis for 38 patients with locally advanced rectal cancer.
He found 11 microRNAs that were significantly different
between patients who were deemed responders (tumour
regression grade 1-2) and non-responders (tumour
regression grade 3-5). In particular, miR-125b serum levels
were significantly overexpressed in non-responder patients
compared to those who responded well (74).

RT in metastatic rectal cancer
Curative intent

A subset of patients with metastatic rectal cancer present
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with oligometastatic disease usually to the liver or lung.

A retrospective review compared patients with
synchronous resectable liver or lung metastases who
received neoadjuvant therapy (long course chemo-RT or
short course RT) versus no neoadjuvant therapy, followed
by resection of the primary tumour and metastasectomy.
At a median follow up of 43 months, none of the patients
who received RT had a local recurrence. The 5-year overall
survival rates were: 43.3% for without RT vs. 58.3% with
RT (75).

Leonard et al. reviewed their institutional experience
involving patients with metastatic rectal cancer who were
treated with RT to their primary tumour. Among the ten
patients with oligometastatic disease, the local control
rate was 90% and the 5-year overall survival rate was 70%
compared to 30% for patients without oligometastatic
disease (76).

The NCCN guidelines for patients with resectable
oligometastatic rectal cancer offers the options of
neoadjuvant short course RT or long course chemo-RT
prior to surgery (38).

Palliative intent

RT is effective for advanced or metastatic rectal cancers
when palliation of symptoms is required locally. A
retrospective study of 99 patients demonstrated a response
rate of 62.5% to 86.7% with median duration response
from 4.2-5.4 months. The median survival was 6.9 months
and there was no grade 4 toxicity (77).

A prospective, multicentre study showed similar results
for locally advanced rectal cancer treated with palliative
RT with a dose range of 30-39 Gy. Overall response rates
were 85% and median survival was 9 months. There was no
grade 4 toxicity (78).

Short course RT (25 Gy in 5 fractions) has also been
investigated in the palliative setting. A phase 2 study
enrolled 18 patients and found a complete response
(complete symptom resolution) in 38.9% of patients, a
partial response in 50.0% cases, and no response in 11.1%.
Median survival was 25 months; 16.7% had grade 3 toxicity
and there was no grade 4 toxicity (79).

Conclusions

The management of rectal cancer has evolved over time
and as more research is conducted and published, we are
continually striving towards improving patient outcomes
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and reducing treatment related toxicities for the benefit of
the patients. Trimodality treatment remains necessary for
high risk patients however total neoadjuvant therapy may
improve the pathological complete response rates and allow
for omission of surgery or the non-operative approach.
However, it remains clear that we need innovative methods
to risk stratify patients.

In time to come, what is currently accepted as standard of
care may cease to be as we move into an era of personalised
medicine and instead of subjecting all patients to standard
treatment, we aim to tailor the treatment specifically for the
patient or rather, their cancer, avoiding over-treatment or
under-treatment.
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