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REVIEW ARTICLE

Avoiding radical surgery after pre-operative chemoradiotherapy:
A possible therapeutic option in rectal cancer?

MOHAN HINGORANI, JOHN E. HARTLEY, JOHN GREENMAN & JOHN MACFIE

Castle Hill Hospital, Castle Lane, Cottingham HU16 55O, UK

Abstract

Background. In this modern era of multi-modality treatment there is increasing interest in the possibility of avoiding
radical surgery in complete responders after neo-adjuvant long-course chemoradiotherapy (LCPRT). In this article, we
present a systematic review of such treatments and discuss their therapeutic applicability for the future. Methods. We
searched the PubMed online libraries to identify studies that reported on the long-term surgical and pathological outcomes
after local excision together with those that explored the possibility of clinical observation only in patients achieving a
complete clinical response after LCPRT. Results. Several retrospective (n = 10), one single-arm prospective, and one small
randomised series have reported on the use of local excision after LCPRT and demonstrated acceptably low levels of local
recurrence with survival comparable to patients progressing to conventional surgery. One prospective series allocated
patients to observation or radical surgery based on histological parameters after local excision (ypTO and ypT1) and
showed no differences in outcomes. Two retrospective series from the same group on a Brazilian cohort of patients reported
excellent long-term outcomes after “wait and watch” in complete clinical responders. However, other reports have shown
no direct correlation between clinical and pathological response. Conclusion. Local excision may be an appropriate option
for selected patients developing good clinical response after LCPRT. In our opinion, a policy of clinical observation in
complete clinical responders after LCPRT may not be a safe strategy, unless we had robust predictive models for accurate
identification of pathological complete response. In order to identify patients that may be potentially appropriate for such
an approach we propose a clinical algorithm incorporating important clinical, radiological, and pathological parameters.
The proposed model will require validation in a prospective study. Finally, we need randomised data for demonstrating
the non-inferiority of clinical observation compared to conventional surgery before this can be considered as standard
possible therapeutic option.

Surgical resection is the cornerstone of curative treat-
ment for rectal cancer. The majority of patients have
invasive tumours and conventionally these patients
undergo radical excisional surgery. This invariably
necessitates either an anterior resection (AR) with
sphincter preservation, or an abdomino-perineal
excision of rectum (APR) both being combined with
total mesorectal excision (TME). Not surprisingly,
these radical procedures are associated with consid-
erable morbidity. In recent years there has been
increasing interest in the role of multi-modality ther-
apy to facilitate less radical surgery. Specifically, this
relates to the role of downstaging long-course pre-
operative chemo-radiotherapy (LCPRT). More
recently, interest has developed around the possibil-
ity of avoiding surgical intervention altogether in

patients who manifest a clinical complete response
(cCR) after LCPRT.

In this article we review the evidence on the use
of a multi-modality approach to promote less radical
surgery in patients with rectal cancer and explore
new technological developments in both radiology
and molecular oncology that may act as useful
adjuncts for appropriate identification of patients
who may be considered for surgical conservation.

Methods

We searched the PubMeD online database using
the following Keywords: rectal cancer, chemora-
diotherapy, local surgery or observation. We identi-
fied studies which reported on the long-term
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pathological [tumour downstaging and pathologi-
cal complete response (pCR)] and clinical [local
recurrence (LR) and overall survival (OS)] out-
comes of patients undergoing local excision
(LE) or clinical observation alone after LCPRT.
We selected studies that had employed conven-
tional external beam radiotherapy schedules using
45-50.4 Gy in 1.8 Gy per fraction. We excluded
studies that had reported on the outcomes of LE
alone in early rectal tumours and those employing
local brachytherapy boost following conventional
radiotherapy, or non-conventional fractionation
schedules.

The search revealed 298 citations of which we
selected 10 retrospective studies and two prospec-
tive (single-arm) series that had reported on the
long-term outcomes after local excision following
LCPRT. One of these prospective series allocated
patients to observation or radical surgery based
on histological parameters after local excision. In
addition, we identified one randomised trial of
transanal-endoscopic microsurgery (TEMS) com-
pared to TME.

We identified three retrospective studies which
reported on the outcome of managing complete clin-
ical responders after LCPRT with observation alone.
We did not identify any prospective or randomised
studies of standard surgery compared to observation

alone after LCPRT. The methodology is schemati-
cally illustrated in Figure 1.

Results

The management of rectal cancer in the UK is out-
lined in Figure 2. Patients with very early T1 tumours
with minimal sub-mucosal invasion may be consid-
ered for full-thickness LE as definitive procedure.
However, patients with more advanced tumours are
almost always advised radical surgery. Rarely patients
developing excellent clinical response to LCPRT
may be offered LE as an alternative less morbid local
procedure if they refuse permanent stoma or are
unfit to proceed to radical surgery. However, this
approach is usually an exception and only after full
explanation of the risks involved.

The more frequent use of short-course pre-oper-
ative radiotherapy (SCPRT) in the UK and parts of
Europe indicates that most patients are not appropri-
ate for conservative surgical approach. Therefore, it
is not surprising that most of the data on conservative
surgical techniques originates from North America
where most patients are treated with LCPRT includ-
ing those with potentially operable disease without
compromise of mesorectal fascia. Most trials
of LCPRT have shown superior downstaging of
primary tumour and lymph nodes compared to

conventional LCPRT (45-50.4 Gy)

AIM: identify studies reporting on the long-term
outcomes of LE or clinical observation after

|

SEARCH: PubMed database (n=298)
keywords: rectal cancer,
chemoradiotherapy, local excision,

—| boost or non-conventional radiation

observation

Studies fulfilling eligibility
criteria and included in
qualitative analysis (n=16)

SN

EXCLUDED STUDIES

studies reporting on LE alone in
early rectal cancer

studies using local brachytherapy

schedules

LOCAL EXCISION

10 retrospective series
2 prospective series

1 randomised study

CLINICAL OBSERVATION
3 retrospective series
no randomised series

Figure 1. Schematic illustration of methodology employed to identify appropriate studies that had reported on the long-term outcomes
following local excision or clinical observation after long-course pre-operative chemoradiotherapy (LCPRT).
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Conservative strategies (LE)
definitive procedure in early rectal
tumours (T1-SM1)

patients who refuse permanent
stoma

patients unfit to proceed to radical
surgery.

T1-T2/NO
Surgery

T3/N+-CRM not threatened
SCPRT + surgery (within 2 weeks)

T3/T4 N+-CRM threatened
LCPRT + surgery (6-8 weeks)

Figure 2. Management algorithm for patients with newly diagnosed rectal cancer in the UK. Conservative surgical strategies are employed
only in few selected patients who out of personal choice do not want a permanent stoma or are not fit for radical surgery. LCPRT,
long-course pre-operative chemoradiotherapy; MDT, multi-disciplinary team; SCPRT, short course pre-operative radiotherapy. LCPRT,

long-couse pre-operative chemoradiotherapy.

radiotherapy alone with 15-20% incidence of pCR,
but without long-term survival benefit [1-3].

Local surgical excision after chemoradiotherapy

The feasibility of performing full-thickness LE after
neo-adjuvant LCPRT was initially evaluated as pal-
liative protocol in patients not fit to proceed to radi-
cal surgery. One of the earliest series reported on the
outcome of 14 patients with distal rectal tumours
who were treated with full-thickness LE following
high-dose radiotherapy. After median follow-up (FU)
of 24 months the study reported three-year actuarial
LR rate of 24% and OS of 61% [4]. The same group
published their experience on an expanded cohort of
48 patients who underwent LE six to eight weeks
after completion of LCPRT. The study included
patients with favourable tumour characteristics (1T2;
less than 3 cm) or higher tumour stage (T3; more
than 3 cm) who developed complete or near-
complete clinical response, and a separate cohort of
poor-risk patients not fit for radical surgery. The
study reported five-year OS of 84.5% and LR rate of
10% for the entire cohort. The levels of LR in patients
developing good response to LCPRT were accept-
ably low (0 to 11%) and independent of tumour
stage at presentation. In contrast, the group of surgi-
cally unfit patients whose tumours failed to down-
stage after LCPRT demonstrated a higher incidence
of LR which approached 20% [5].

Subsequently, several small retrospective series
have reported on the long-term outcome of patients
treated with LE following LCPRT. In one of the larg-
est series from the M.D. Anderson Institute 47
patients with potentially operable rectal cancer [T3;
NO (n=34), N1 (n=13)] were treated with full-
thickness LE after LCPRT. Twelve patients (25%)
were considered to have prohibitive comorbidity and

15 patients (32%) refused to undergo TME. Fifteen
patients (32%) developed cCR and LE was offered
to them as an alternative treatment to TME after
appropriate explanation that this was not considered
the standard of care. Twenty-three (49%) patients
had mural pCR and 17 (36%) had microscopic
residual tumour. After median FU of 63 months 10
patients (22%) had developed disease recurrence
[LR = 5; distant metastasis (DM) = 5] and the study
reported 10-year OS of 74% which was comparable
to the cohort of 473 patients treated with radical
surgery (TME) [6]. Similar results have been
reported by other retrospective series which are sum-
marised in Table I [7-13].

Borschitz et al. (2008) reported on a pooled
analysis of patients treated with LE after LCPRT
that included 273 patients from seven different
studies. The study demonstrated that the probability
of future LR was determined by the level of histo-
logical regression observed after LCPRT. None of
the patients with pCR developed LR and ypTl1
tumours were also associated with low rates of LR
of 2%. In contrast, presence of ypT?2 residual dis-
ease was associated with LR rates ranging from 6%
to 20% which increased to 42% in patients with
ypT3 disease [14].

A large prospective series reported from an Italian
group included 145 patients with T2 (n = 84) and T3
(n = 61) node-negative rectal cancer who underwent
trans-anal endoscopic microsurgery (TEMS) after
neo-adjuvant LCPRT. The definitive histology was
ypTO0 (17%), ypT1 (37%), ypT2 (34%), and ypT3
(12%). Eight patients (4%) with ypT2 (n=5) or
ypT3 (n=3) tumours developed local recurrence.
The rectal cancer-specific survival rate at the end of
the follow-up period was 100% for ypT1, 90% for
ypT2, and 77% for ypT3 patients [15]. The same
group reported on a phase 2 randomised study of
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Table I. Published studies that have evaluated the effects of local excision (LE) after long-course pre-operative radiotherapy (LCPRT).

Study Pathological Long-term
(N = patient number) Patient selection outcome outcome FU and OS
Mohiuddin et al. (1994) [5] T2-T3; NX ypTO0 (n=18); ypT1 LR=5 FU=40M
N =48 good and poor-risk (n=12); ypT2 (n= 14); 5-yr OS=83.5%
patient sub-groups ypT3 (n=4)
based on tumour and
patient characteristics
Schell et al. (2002) [8] T3; NO-1 ypTO (n=28); ypTl (n=3) LR=0; DM=1 FU=48M
N =11 from cohort of 75 CR after LCPRT 0OS=100%
patients treated with
LCPRT
Ruo et al. (2002) [9] T2-3; NX ypTO (n=3); residual LR=1;DM=2 FU=28.5M

N=10

Kim et al. (2001) [10]
N =26 from cohort of 95
patients treated with
LCPRT

Bonnen et al. (2004) [11]
N =26 from cohort of
431 patients treated with
LCPRT

Huh et al. (2008) [12]
N =9 from cohort of 73
patients treated with
LCPRT

Callender et al. (2010) [6]
N =47 from cohort of
520 patients treated with
LCPRT

Nair et al. (2008) [13]
N =44

Kundel et al. (2010) [7]
N =14 from cohort of
320 patients treated with
LCPRT

Guerrieri et al. (2008) [15]
N =145

Poor surgical risk
Refusal to have
colostomy

T2-3; NO (n=25);
N1 (n=1)
CR after LCPRT Poor
surgical risk Refusal to
have colostomy

T3; NO (n=25);
N1 (n=1) CR after
LCPRT Poor surgical
risk Refusal to have
colostomy

T2-T3; NO (n=16);
N1 (n=3)
Poor surgical risk
Refusal to have
colostomy

T3; NO (n=34);
NI (n=13)
CR after LCPRT Poor
surgical risk Refusal to
have colostomy

T2-3; NO (n=32);
N1 (n=11)
CR after LCPRT Poor
surgical risk Refusal to
have colostomy

T2-3/ NX or N +

T2-T3; NO

tumour (n=7)

ypTO (n=17); residual
tumour (n=9)

ypTO (n=14); residual
tumour- microscopic
(n=9); gross (n=3)

ypTO (n=4); ypT2
(n=4);ypT3 (n=1)

ypTO (n=23); residual
tumour- microscopic
(n=17); gross (n="7)

ypTO (n=19); residual
tumour (n = 25)

All patients included in
analysis had pCR
following LE

ypTO0 (17%); ypT1
(37%);>ypT2 (46%)

ILR=1;DM=0

ILR=2;DM=2

LR=1;DM=1

LR=5;DM=5

ILR=4; DM =5

LR=0; DM=0

LR=8 (4%)

2-year OS (78%)

FU=19M
0OS=100%

FU=46M
5-year OS (85%)

FU=91M
10-yr OS=88.9%

FU=63M
10-year OS =74%

FU = 64M
5-yr OS = 84%

FU=48M
OS=100%rr

FU=81M
0S=100% (pTO0-1);
90% (pT2); 77%

»T3)

DM, distant metastasis; FU, follow-up; LR, local recurrence; OS, overall survival; pCR, pathological complete response; PR,

partial response.

70 patients with good-prognosis T2-3 node-negative
rectal cancer who were randomised to laparoscopic
TME or TEMS following neo-adjuvant LCPRT.
After median FU of 84 months no difference in LR
was observed after TME (n=2) or TEMS (n=1).
Similarly, the probability of cause-specific survival
was 94% for TME and 94% for TEMS [16].

More recently, the Polish Colorectal Study Group
reported on an interim analysis of a prospective series
of 47 patients with T1-3 node-negative rectal cancer
who underwent LE after neo-adjuvant therapy

(LCPRT or SCPRT followed by radiation boost)
[17]. According to the trial protocol patients with
ypTO0-1 tumours were managed expectantly com-
pared to patients with ypT2/3 tumours with adverse
prognostic features who proceeded to radical surgery.
Twenty-nine (66%) patients had mural pCR or min-
imal residual ypT1 disease and were managed with
close observation. Fifteen patients (34%) were
advised to have radical surgery but only seven patients
proceeded since the others were either unfit or refused
operation. At 14 months of median FU only three



patients (7%) in the observation group had devel-
oped LR and underwent successful salvage surgery.

Observation in complete clinical responders
after chemoradiotherapy

An interesting concept to emerge in the recent past
is whether surgery could be entirely avoided in patients
developing a pCR after LCPRT which implies a
favourable outcome. Patients developing pCR have
extremely low rates of LR and may be more appropri-
ate for a non-operative approach [18]. However, there
are no reliable pre-operative predictors of pCR and
no randomised trials are available in which patients
with a pCR to LCPRT were assigned to surgery or
no surgery. Few investigators have evaluated the pos-
sibility of clinical observation in patients who develop
clinical CR (cCR) after LCPRT. The above strategy
was pioneered by a Brazilian group which reported
encouraging results in a retrospective series of 265
patients with distal rectal tumours treated with
LCPRT using 50.4 Gy in 28 fractions and concomi-
tant 5-FU and leucovorin. Patients with an incom-
plete clinical response were referred for resection,
while patients with a cCR [n=71;T2 (n=14); T3
n=49); T4 (n=8)] were managed with clinical
observation alone. Patients with cCR followed a rigid
follow-up schedule which comprised of clinical assess-
ments at one to two monthly intervals during the first
24 months using digital rectal examination (DRE),
endoscopy, tumour markers and interval imaging
(CT) at six monthly intervals. Patients were categor-
ised as complete responders only after completion of
12 months of FU. Patients found to have pCR after
surgical resection (n=22) were compared directly
with those in the observation group. With a median
follow-up of 57 months, only two relapsed locally
(both successfully salvaged) in the observation group
and three developed metastatic disease. The five-year
rates of OS and DFS were 100% and 92%, respec-
tively. The corresponding values for the patients in the
surgical group (median FU = 48 months) were 100%
and 83%, respectively [19,20].

In an update of this study the group reported on
an expanded cohort of 99 patients with cCR and
demonstrated a five-year OS and DFS of 93% and
85%, respectively. After a mean FU of 49.9 months
five (5%) endoluminal recurrences were detected
which were successfully salvaged [21]. Interpretation
of the above results is limited by its retrospective
nature and the lack of modern imaging techniques
[particularly magnetic resonance imaging (MRI)] for
evaluation of local disease.

In contrast to the above results, Hughes et al.
(2010) reported on the outcome of 10 patients with
rectal cancer who had a complete clinical response
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after LCPRT but could not proceed to surgery due
to patient choice (n=7) or medical co-morbidity
(n=3). Six of 10 patients died of recurrent disease
and five (50%) patients developed local recurrence.
The authors acknowledged the limitations of the
small and retrospective nature of the report com-
bined with the lack of a rigid follow-up schedule.
However, they strongly argued against the uncritical
extrapolation of “wait and watch” policy and cau-
tioned against its use as a routine therapeutic option
except in selected poor-risk surgical patients [22].

Discussion

The local excision of rectal cancer has been
employed as primary surgical procedure for patients
with early rectal tumours (T1) limited to the mucosa
and sub-mucosa. In early T1 tumours without high-
risk features full thickness LE alone has been shown
to be curative with long-term outcomes comparable
to conventional radical surgery [23]. Many tech-
niques of LE have been described in the literature
including the simple trans-anal, the posterior trans-
sacral and trans-sphincteric procedures. However,
the TEMS procedure represents the most sophisti-
cated of these surgical techniques with several
advantages including excellent exposure of the
operative field which makes it easier to perform a
complete full-thickness excision with an appropri-
ate margin, and also to remove the adjacent peri-
rectal fat using the same “holy” plane of dissection
utilised in the TME.

Local surgical excision after chemoradiotherapy

There is no therapeutic role of performing local surgi-
cal excision on its own in rectal cancers extending into
the muscularis propria (T2) or beyond — except as a
purely palliative procedure. However, many studies
have reported on the use of LE in patients developing
good response after LCPRT and reported acceptably
low rates of LR and long-term survival comparable
to patients proceeding to conventional radical sur-
gery. The encouraging results from above studies have
renewed interest in the possibility of avoiding radical
surgery in selected sub-group of patients following
neo-adjuvant CRT. However, the interpretation of
above data is confounded by the predominant retro-
spective nature of the studies. Moreover, these studies
cannot be directly compared due to the presence of
significant heterogeneity with respect to patient and
tumour characteristics resulting from the lack of con-
sistent staging and selection criteria. For example,
some patients were likely to have been considered for
LE at the outset whereas others may have been
selected for LE after developing good clinical response
to CRT. These disease subsets are likely to manifest
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different biological behaviour and patterns of recur-
rence. The studies are also not balanced with respect
to tumour characteristics with some studies including
predominantly early rectal tumours (T1/T2). Fur-
thermore, the lack of consistent staging criteria would
render it difficult to collectively compare the outcome
of individual tumour stages across the studies. More
importantly, the extent and quality of local surgery is
likely to have significantly varied between studies
depending on the individual technique and the skills
of the surgeon involved.

Patients with minimal residue disease (ypT1) fol-
lowing LE are usually managed with observation, but
patients with ypT2 or higher tumours are offered
radical surgery. Indeed, some investigators have pro-
posed the presence of minimal residual disease
(ypT1) as a satisfactory outcome after full-thickness
LE [14,17]. However, the potential caveat of using
mural response as the only criteria for selecting
patients for LE was highlighted in a retrospective
study of 242 patients following LCPRT. The inci-
dence of lymph node involvement was 3.2% in
patients developing mural pCR (ypT0) compared to
11% with ypT'1 tumours and increased further as the
ypT stage increased (ypT2=29.2%;yp T3 =37.3%).
The authors argued against the policy of limited sur-
gery in patients with ypT1 residual tumour and con-
sidered this to be a possible option only in patients
developing mural pCR [24].

Patients considered for possible LE should have
their tumours tattooed prior to commencing LCPRT
to facilitate full-thickness LE at site of primary
tumour. The above was highlighted in the Polish
study in which three of four patients with lateral mar-
gin involvement after LE had no visible tattoos at the
time of surgery to guide surgical excision. Previous
series have shown that up to 10% of patients with
cCR may have no visible mucosal abnormality to
target local excision [25].

The possibility of surgical salvage is considered
for all fit patients developing LR after previous lim-
ited surgical procedures. However, the type of sal-
vage surgery may be influenced by other factors
including the functional and structural integrity of
the rectal wall after previous LCPRT and LE. In the
Polish series three patients underwent salvage sur-
gery with APR despite being considered appropriate
for sphincter preservation at presentation [17].

Observation in complete clinical responders
after chemoradiotherapy

Data from Brazilian series demonstrated excellent
long-term local control and OS rates in patients
developing cCR after LCPRT. However, it is well
documented that patients with cCR may still harbour

residual disease. The limitations of clinical assess-
ment after LCPRT were demonstrated in a prospec-
tive series of 94 patients who underwent assessment
with DRE and sigmoidoscopy prior to and after com-
pletion of LCPRT. Clinical assessment underesti-
mated pathologic response in 73 patients and DRE
was able to identify only three of 14 cases (21%) with
a pCR. The overall concordance between clinical
evaluation and actual pathologic response was only
22% [26]. In another retrospective review of 488
patients with rectal cancer following LCPRT the cCR
rate for the entire cohort was 19%, but only 10% had
a true pCR [27].

Therefore, it is not surprising that the Brazilian
experience has generated intense debate with some
investigators expressing concerns about employing a
policy of watchful expectancy based entirely on the
presence of cCR after LCPRT [22,28]. In patients
being considered for observation after cCR the extent
of local disease at presentation is likely to be an
important determinant of long-term outcome. In the
Brazilian series approximately 20% of the original
265 patients had T2NO disease which may have
influenced the favourable outcome.

When should response be assessed?

The optimal time interval for assessing the response
after LCPRT remains controversial. The current
standard of care is to operate six to eight weeks after
the completion of CRT, but more recent data sup-
port the use of prolonged elective delay for facilitat-
ing tumour downstaging. However, prolonged
time-interval prior to surgery raises legitimate con-
cerns about the possibility of inferior outcomes from
tumour repopulation unless pCR was achieved.
Kalady et al. (2009) reported on retrospective analy-
sis of 242 patients with rectal cancer treated with
LCPRT which included 58 (24%) patients with
pCR.The authors identified the waiting time of more
than eight weeks as the only predictor of pCR on
multivariate analysis [29]. Habr-Gama et al. (2008)
reported on a Brazilian series of 250 patients who
underwent surgery at less (n=121), or more
(n=129) than 12 weeks after LCPRT [30]. Patients
in the delayed surgical group had significantly earlier
disease stage (p = 0.009) and decreased risk of lymph
node metastases (p=0.015) and the survival out-
comes were similar in the two groups. In a recent
prospective phase II study patients undergoing
delayed (11 weeks) surgery had superior pCR rate
(25% versus 18%) compared to group having sur-
gery at six weeks after LCPRT [31]. The optimum
time-interval prior to surgery can be only defined
following availability of mature data from prospec-
tively randomised studies.
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after chemoradiotherapy

In the last decade an interesting area of research has
revolved around the use of novel imaging modalities —
FDG-PET and diffusion-weighted MRI (DW-MRI)
scans — to predict the probability of response after
LCPRT. Although conventional MRI scans are
invaluable tools for the pre-operative staging of rectal
tumours, they have inherent limitations in assessing
the response to LCPRT. For example, the treatment
may induce changes in the tumour micro-environ-
ment which effectively decreases tumour viability
without producing significant change in tumour size
[32]. Furthermore, MRI scan cannot reliably differ-
entiate CRT-induced scarring from residual disease
[33]. In a prospective study MRI scan was reported
to have PPV of 85% and NPV of 67% for response
assessment after CRT. It can be particularly difficult
to detect islands of residual tumour cells within areas
of radiation-induced fibrosis [34].

Imaging using DW-MRI is an interesting novel
technology which is sensitive to the tissues bio-
physical characteristics, including apparent diffu-
sion coefficients (ADCs) and volume fractions of
water in different populations. Pre-treatment val-
ues of ADC reflecting tissue viability based on
water diffusion characteristics have been shown to
correlate significantly with probability of tumour
response to radiation [35]. This correlation implies
that tumours with low pre-treatment diffusion
values, indicating high viability, will respond better
to radiotherapy than tumours with high diffusion
values which indicate the presence of mucin or
necrosis. Preliminary results indicate that diffusion-
weighted MRI may be an effective diagnostic stra-
tegic tool for predicting the outcome of patients
treated with LCPRT. Recently, Sun et al. (2010)
reported on the probability of using the pattern of
ADC modulation during the first two weeks of
CRT as a predictive indicator of tumour-related
response. In a prospective study of 37 patients
treated with LCPRT they showed that responding
tumours had a lower mean tumour ADC at presen-
tation compared to the tumours which failed to
respond to treatment. At the end of the first week
of CRT, the mean tumour ADC increased signifi-
cantly in the downstaged group, compared to the
radioresistant group in whom the ADC was rela-
tively unchanged [36].

The limitations of conventional imaging have also
generated considerable interest in the possible role of
molecular imaging such as FDG-PET to identify
potential responders to LCPRT. However, PET
assessment is likely to be influenced by non-malig-
nant metabolic processes including treatment-in-
duced inflammation. Therefore, the exact timing of
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PET imaging combined with the selection of robust
specific parameters to assess response is of paramount
importance. Several studies have evaluated the use of
PET in rectal cancer to predict the response to CRT
using various parameters, including SUVmean, SUV-
max, PET-derived tumour size, visual response score,
and change in total lesion glycolysis. Capirici et al.
(2006) reported on one of the largest series of 88
patients with rectal cancer who underwent PET
imaging six weeks after the completion of CRT. The
PET images were evaluated based on a range of pre-
defined SUVmax values combined with visual score
in patients with an equivocal SUV result. After a
median follow-up of 38 months, the OS was 91% in
patients with negative post-treatment PET and 72%
in those with a positive PET (p=0.024) [37]. In a
subsequent report on PET outcome in 44 patients
the response index (RI) representing the absolute and
percent SUVmax difference between pre- and post-
CRT PET scans was shown to be useful predictive
marker that correlated with histological regression.
Based on a pre-defined threshold estimate the inves-
tigators demonstrated an overall 80% accuracy of
PET in predicting response to CRT with 79% PPV
and 89% negative predictive value [38]. Other studies
have reported similar results [39-42].

More recently, interesting data has emerged on
combining the two different imaging modalities for
determining the probability of pCR after LCPRT.
Lambrecht et al. (2010) reported on a study of 22
patients with rectal cancer treated with LCPRT. These
patients underwent FDG-PET at the start of CRT,
after 10 to 12 fractions, and five weeks after the end
of treatment. Patients also underwent DW-MRI before
the start of CRT with determination of mean ADCs.
The difference in SUVmax at the start and during or
after CRT [ASUV (max)] combined with the initial
ADC values correlated significantly with the patho-
logical response to treatment. The receiver operating
characteristics (ROC) curve analysis revealed an opti-
mal threshold for ASUV (max) of 40% during CRT
and 76% after CRT for predicting the probability of
pCR. The authors postulated the existence of a pre-
dictive algorithm for pCR with a sensitivity of 100%
and specificity of 94% by combining the optimal
ASUV (max) thresholds during and after CRT, or by
combining the thresholds for the initial ADC value
and the ASUV (max) during CRT [43].

Molecular markers of radiosensitiviry

Most traditional assays of radiosensitivity involve the
plotting of cell survival curves following exposure of
in vitro tumour cell lines to range of radiation doses.
The clonogenic assay is the most commonly employed
marker of radiosensitivity. However, it is well known
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that in vitro cell culture does not reflect the tumour
microenvironment as it is devoid of the spatial cel-
lular organisation and cell-matrix interactions char-
acteristic of tumour tissue. The 3D-spheroid culture
model was developed to make the cellular environ-
ment more representative of in vivo tissue, but this
too is widely acknowledged to not truly reflect the
natural or pathophysiological state.

More exciting has been the development of novel
research methodologies involving microfluidic tech-
nology to provide real-time in vitro assessment of tis-
sue biopsies. Lab on a chip or micro-total analysis
systems (mTAS) provide a way of maintaining small
clinical biopsies (2-3 mm?) of tissue for up to eight
days. Drugs or other potential therapeutic interven-
tions, such as radiotherapy can be applied to the tis-
sue and the effects monitored downstream through
inclusion of analysis modules on the microfluidic
device [44,45]. Recently our group has demonstrated,
in a proof of concept study, that human colorectal
tissue biopsies and normal mucosal tissue can be sub-
jected to hypoxic episodes causing the release of vas-
cular endothelial growth factor into the media from
the tumour but not the normal biopsy. The result
shows that the tissue behaved as predicted, i.e. the

malignant tissue had up-regulated intracellular path-
ways involved in angiogenesis that would not be pres-
ent in the normal biopsy [46].The simple and flexible
nature of the described devices makes them ideal
tools to study exposure of differing chemotherapy
drugs and radiation doses. A forthcoming study will
assess the robustness of the model in predicting radi-
osensitivity by direct validation of the in vitro results
against pathological regression observed after CRT.

Possible futuristic algorithm to select patients in whom
radical surgery could be avoided

In our opinion, the decision to adopt a policy of “wait
and watch” based entirely on cCR could be unsafe
and associated with considerable risks. The possibil-
ity of LE may be considered in selected patients
developing good clinical response after LCPRT in
whom quality of life takes precedence over the small
and unpredictable probability of higher long-term
LR. Clearly, patients need to be fully informed as the
risks of such an approach.

Indeed, the wider and long-term applicability of
using above therapeutic strategies as a viable treat-
ment option in the management of rectal cancer is

Newly diagnosed rectal cancer
MDT discussion

MRI scan for local staging
PET-CT/DW-MRI

chamber device

Molecular and tissue markers of radiosensitivity e.g. microfluidics

|

During 15t 2 weeks CRT
DW-MRI ;

Post-CRT  (6-8 weeks)

MRI scan for local staging

Clinical assessment (DRE+sigmoidoscopy)
PET-CT

PET-CT

Incomplete clinical response
low probability of pCR

Complete clinical response
High probability of pCR based on favourable radiological and
molecular markers

l

7N

Radical Surgery

ypTO or ypT1
Observation
Rigid FU schedule

ypT2 or higher
Radical Surgery

Figure 3. Schematic illustration of probable futuristic clinical algorithm for patients considered for conservative management after long-
course pre-operative radiotherapy (LCPRT). The paradigm illustrates various molecular, radiological and histological parameters that may
be employed at different time-intervals during patient’s treatment pathway for the reliable pre-operative identification of pathological

complete response (pCR).



primarily dependent on the development of robust
predictive models for reliable evaluation of the prob-
ability of tumour response and pCR after LCPRT.
In our opinion such predictive models should incor-
porate pathological, radiological and molecular
markers and Figure 3 provides a schematic illustra-
tion of a potential futuristic clinical algorithm that
may be employed to select appropriate patients in
whom radical surgery can be avoided. The proposed
algorithm incorporates diagnostic modalities PET/
CT and DW-MRI which have been shown to have
high sensitivity and specificity for the prediction of
pCR after LCPRT. However, the feasibility of using
such diagnostic protocol in routine clinical practice
will require prospective validation, including a com-
prehensive cost-effective analysis which should
incorporate quality-adjusted life year (QALY) mea-
sures. Because of the devastating consequences
which may arise from a probable error in clinical
judgement it is unlikely we will be able to perform
a direct randomised comparison of conservative
approach versus standard radical surgery without
the inclusion of efficient “checkpoints” using the
above predictive models. Finally, we will need data
from randomised studies designed specifically to
assess the non-inferiority of conservative approach
using local recurrence and OS as primary end-points
and quality of life (QOL) as a secondary end-point
before we can offer the option of surgical conserva-
tion routinely to our patients. In the absence of such
data conservative surgery after LCPRT is likely to
remain a second-choice therapeutic option for
patients who are elderly and frail and not fit to pro-
ceed to conventional surgery.

Conclusion

In summary, therefore, there is increasing evidence
to suggest that a minority of patients following
LCPRT may be able to avoid radical surgical resec-
tion. However, in the absence of accurate predictive
markers a non-operative policy remains difficult to
justify at present. In our opinion, these strategies
should be still considered experimental in nature and
only offered to selected patients who cannot proceed
to radical surgery due to poor fitness, or out of per-
sonal choice. Ideally, these patients should be entered
into a clinical trial. The development of powerful pre-
dictive models in the future may facilitate the pos-
sibility of limited surgical intervention in patients
with high probability of pCR. We have outlined the
clinical paradigm that may be applicable to these
patients and future randomised studies evaluating
the effects of surgical conservation compared to stan-
dard radical surgery should include similar predictive
models within their respective protocols.
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