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Selecting Patients With Locally Advanced Rectal Cancer for
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Explain the use of MRI to stratify patients to undergo different neoadjuvant treatment
strategies for locally advanced rectal cancer.

Learning Objectives

Identify the benefits and risks of currently available neoadjuvant treatment strategies and appraise
emerging treatment strategy.

Identify tissue and imaging biomarkers that could predict tumor sensitivity to chemoradiation.

/ABSTRACT

Rectal cancer remains a significant problem worldwide. Out-
comes vary significantly according to the stage of disease and
prognostic factors, including the distance of the tumor from the
circumferential resection margin. Accurate staging, including
high-resolution magnetic resonance imaging, allows stratifica-
tion of patients into low-, moderate-, and high-risk disease; this
information can be used to inform multidisciplinary team deci-
sions regarding the role of neoadjuvant therapy. Both neoadju-

vant short-course radiotherapy and long-course chemoradiation
reduce the risk of local recurrence compared with surgery alone,
but they have little impact on survival. Although there remains a
need to reduce overtreatment of those patients at moderate
risk, evaluation of intensified regimens for those with high-risk
disease is still required to reduce distant failure rates and im-
prove survival in these patients with an otherwise poor
prognosis. The Oncologist 2013;18:833—-842

Implications for Practice: The use of preoperative therapy in rectal cancer should be made in a multidisciplinary team setting
based on accurate staging in combination with magnetic resonance imaging findings and patient characteristics. Circumferential
resection margin involvement, extent of extramural spread, lymph node burden, extramural venous invasion and low-lying po-
sition of primary rectal cancer are all established pathological risk factors and can be identified by MRI preoperatively. This would
allow stratification of patients to receive neoadjuvant therapy. Those patients with low risk rectal cancer can undergo surgery
alone with favorable long-term outcomes sparing them from radiation-induced long-term toxicities. Those patients with high risk
disease will need to be evaluated for intensified preoperative regimens to reduce distant failures and improve survival. Continu-
ousresearch efforts are essential toidentify both tissue and imaging biomarkers to predict efficacy to preoperative therapy which

are lacking currently in order to optimize long-term outcome and minimize toxicities.

INTRODUCTION

Surgery remains the primary determinant of cure in pa-
tients with localized rectal cancer. The surgical approach
forrectal cancersis dependent upon the position and stage
ofthetumor. The development of total mesorectal excision
(TME) as a standard surgical technique involves removal of
the tumor and all local draining nodes intact [1]. The plane
of dissection is formed by the mesorectal fascia, which en-
closesthe fatty mesorectum that envelops the rectum. This
fascia forms the circumferential resection margin (CRM),
and histological evidence of tumor within 1 mm of the po-
tential CRM strongly predicts local recurrence and poorsur-
vival [2]. Magnetic resonance imaging (MRI) has been

demonstrated to accurately predict the possibility of
achieving a surgically clear CRM [3].

The use of neoadjuvant short-course radiotherapy (SCRT)
and long-course chemoradiation (CRT) have both led to im-
provements in local control rates when compared with sur-
gery alone, preoperative radiotherapy (RT), or postoperative
CRT [4-8]. However, they did not consistently translate into
animprovementin overall survival (OS) [4—-8]. Given the rele-
vance of an involved CRM in predicting outcome, it has be-
come increasingly important that decisions regarding the use
of neoadjuvant therapy, made in a multidisciplinary team set-
ting, are based on accurate staging in combination with MRI
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Table 1. Prognostic classification of rectal cancer based on pretreatment staging magnetic resonance imaging

Risk features Low risk Moderate risk High risk
Extramural spread =5mm >5mm >5mm
Nodal status NO N1-2 N2
Circumferential resection margin Not at risk Not at risk At risk
Position of tumor High Low or high Low
Extramural venous invasion Absent Present Present

findings and patient characteristics. This article reviews the
management of locally advanced rectal cancer, with particu-
lar focus on the importance of appropriate patient selection.

SELECTION OF PATIENTS FOR TREATMENT

Many previously established poor prognostic factors are based
on resection specimens of rectal cancer. The ability to accurately
predict these risk factors preoperatively would allow stratifica-
tion of patients to receive neoadjuvant therapy. Poor risk factors
of importance in rectal cancer include CRM involvement, extent
of extramural spread, lymph node burden, extramural venousin-
vasion, and low-lying position of primary rectal cancer.

T3 tumors form a heterogeneous group from tumors that
barely extend beyond the lamina muscularis propria to those
that extend to or invade the mesorectal fascia. These T3 tumors
have been subclassified based on the extent of extramural
spread and found to have differing outcomes. Tumors with extra-
mural spread =5 mm had a 5-year survival of 83.4% compared
with those tumors >5 mm, which had a 5-year OS rate of 54.1%
(p <<.0001) [9].

Lymph node involvement is one of the most powerful
prognostic factors in resectable colorectal cancer. However,
as the nodal burden increases, the prognosis also became
poorer correspondingly. In pooled analyses of 3,791 patients
receiving postoperative therapy for rectal cancer, 5-year OS
rates for T3NO, T3N1, and T3N2 were 75%, 60%, and 44%, re-
spectively [10]. In another population-based analysis, the
5-year OS rates were 64%, 52.4%, and 37.5% for NO, N1, and
N2 disease, respectively [11].

Extramural venous invasion (EMVI) has been shown to be
associated with localrecurrence [12] and development of liver
metastases [13] in rectal cancer. Histological presence of
EMVI has been shown to be associated with significantly
worse relapse-free survival [14].

Patients with low-lying tumors requiring abdominoperi-
neal resection (APR) have worse survival rates than patients
who could undergo low anterior resection. In a pooled analy-
sis of five (chemo)radiotherapy rectal cancer randomized con-
trolled trials (RCTs), local recurrence, cancer-specific survival
and OS rates were all significantly worse in those patients who
underwent APR [15].

Tools that could accurately assess the above parameters
would be paramount in the decision to offer neoadjuvant
therapy. Endorectal ultrasound (EUS) depicts the anatomic
layers of the rectal wall with a higher degree of accuracy than
computed tomography (CT)and thus enables precise determi-
nation of the tumor extent in relation to the different wall lay-
ers. Localized cancers involving only the mucosa and
submucosa can usually be distinguished from those that pen-
etrate the muscularis propria or extend transmurally into the
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perirectal fat. However, although EUS allows more accurate
characterization of status of perirectal nodes than CT, it is
most suitable for evaluating early rectal cancer and is less reli-
ableinassessing more advanced tumors [16—-18], especiallyin
relation to the prediction of surgical CRM. Potential disadvan-
tages to EUS include a tendency to understage rather than
overstage the primary tumor, interobserver variability, and
difficulty in assessing obstructing or highly stenosed lesions.

High-resolution thin-slice (3-mm) MRl allows better differ-
entiation of malignant tissue from the muscularis propria. In
the European multicenter prospective Magnetic Resonance
Imaging in Rectal Cancer European Equivalence Study
(MERCURY) study involving 295 patients, MRI could accu-
rately measure the depth of extramural spread. The primary
endpoint of establishing equivalence of MRI and histological
assessment of extramural spread to within 0.5 mm was
achieved [19]. However, the MERCURY study recruited addi-
tional patients for other secondary endpoints. A total of 679
patients consented to the study; complete data on surgery,
MRI, and pathology were available for 477 patients. The spec-
ificity for predicting clear surgical margins by MRl was 92% [3].

Although the original reports fromthe MERCURY group fo-
cusedontheaccuracy of predicting histological parameters by
high-resolution MRI, outcome data are now available for 386
patients with varying MRI-predicted features. MRI predicted
good prognoses for patients with safe mesorectal margins and
T2/T3 tumors of <5 mm extramural spread regardless of N
stage; for these patients, 5-year disease-free survival (DFS)
and OS rates were 85% and 68% with surgery alone [20]. These
patients were safely spared from the toxicities of neoadjuvant
radiation.

It is unclear what distance the tumor should be from the
MRI-predicted margin to be considered a positive CRM that
requires preoperative therapy. In the literature, this varies
from =1mmto =5mm.Thelong-termresults from MERCURY
demonstrated that only those patients with a predicted MRI
margin of =1 mm had significantly higher rates of local recur-
rence compared with those with predicted MRI margin of >5
mm. Those patients with margins between >1 and =5 mm
had similar rates and time to local recurrence compared with
those with margins of >5 mm [21].

Furthermore, the clinical significance of pelvic side wall
lymph nodesis currently unclear. Although pelvic side wall dis-
section is practiced in some parts of the world such as Japan,
surgery is less commonly carried out in patients in Western
countries, partly because of the technical challenge with the
larger habitus and pelvic shape of the Western population.
MERCURY study also found that 11.7% of patients had base-
line pelvic side wall involvement; these patients had poorer
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Table 2. Phase lll trials of short-course radiotherapy

No. of
patients Arms (no. of eligible
Trial randomized Radiotherapy dose patients) Local recurrence Distant metastasis Overall survival
Swedish Rectal 1,168 25 Gy/5 fractions Surgery alone (454); 26% for surgery Overall rate of 34% 30%? for surgery
Cancer Study [5] preoperative SCRT (454) alone, 9% for irrespective of alone, 38%° for SCRT;
SCRT; p <.001 treatment p =.008
Dutch Colorectal 1,861 25 Gy/5 fractions TME surgery alone (908); 11%° for TME, 28%P for TME; 49%P for TME; 48%°
Cancer Group TME preoperative SCRT (897) 5%P for SCRT; 25%P for SCRT; p = for SCRT; p = .86
study [8] p <.0001 21
MRC CRO7 [31] 1,350 45 Gy/25 fractions Selective postoperative 11.5%° for CRT, 21%"“for CRT, 19%° 67.9%¢ for CRT,
and 25 Gy/5 CRT (676); preoperative 4.7%° for SCRT; for SCRT; p = NR 70.3%° for SCRT;
fractions SCRT (674) p <.0001 p=.40
Polish trial [29] 316 45 Gy/25 fractions Preoperative CRT (157); 14.2% for CRT, 34.6% for CRT, 66.2%° for CRT,
and 25 Gy/5 preoperative SCRT (155) 9.0% for SCRT; 31.4% for SCRT; 67.2% for SCRT;
fractions p=.17 p =.540 p=.96
Australian Trans- 326 50.4 Gy/28 fractions Preoperative CRT (163); 4.4% for CRT, 30%°€ for CRT, 27%¢ 70%° for CRT, 74%° for
Tasman Radiation and 25 GY/5 preoperative SCRT (163) 7.5% for SCRT; for SCRT; p = .92 SCRT; p = .62
Oncology Group fractions p=.24

Trial 01.04 [30]

213-years follow-up.
©11.6-years follow-up.
°5-year rates.

d4-year rates.

Abbreviations: CRT, chemoradiation; NR, not reported; SCRT, short-course radiotherapy; TME, total mesorectal excision.

DFS rates [22]. Pelvic side wall lymph node involvement was
associated with other poor prognostic factors, such as pres-
ence of EMVI, MRI-defined mesorectal nodal involvement,
and pathological T staging. However, preoperative radiother-
apy appeared to eliminate the poor prognostic significance of
pelvic side wall involvement [22].

Despite the reproducibility demonstrated in the MERCURY
study, the high degree of staging accuracy has not consistently
been replicated by others, possibly because of the technical
aspects ofimaging andimageinterpretation, which are critical
to the success of this approach; in addition, there is variable
acceptance of the technique worldwide. In a recent study, im-
ages from 168 consecutive pelvic MRIs of patients with rectal
cancer were evaluated by radiologists at five imaging centers,
by two expert reviewers, and by a resident [23]. The authors
demonstrated that measurements of extramural tumor
spreadare more reproducible amongdifferentobserversthan
predicting the anticipated CRM. Using 1 mm as a cutoffismore
reproducible than 5 mm; as discussed before, only tumors =1
mm from the CRM have prognostic significance forlocal recur-
rence [21]. Using a 5-mm cutoff for MRI-predicted margins
might potentially overtreatlarge numbers of patients. Indeed,
from the MERCURY data, 89 of 216 additional patients (an ad-
ditional 41%) would have been treated to prevent seven po-
tential local recurrences.

In a recent systematic review and meta-analysis [24], 21
studies were included to assess the diagnosticaccuracy of MRl
compared with the histological gold standard. The specificity
of MRI in assessing the CRM involvement was significantly
higher than T and N staging, although there were no signifi-
cantly differencesin MRl sensitivity in all three categories. The
diagnostic performance for MRI was significantly better in as-
sessing CRM involvement compared with N staging, but it was
not different than T staging.

EUS and high-resolution MRI are both acceptable radio-
graphic methods to determine preoperative local tumor
stage, although MRI is now standard practice in the U.K. and
many European countries. On the basis of MRI staging, pa-
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tients can be categorized into three prognostic groups accord-
ing to stage, the predicted relationship of the tumor to the
CRM, lymph node status, the degree of extramural spread,
and the presence of extramural venous invasion enabling pa-
tient selection for preoperative treatment (Table 1).

MANAGEMENT OF Low-RISK DISEASE

With early stage low-risk rectal cancer (T1-T2NO), surgery
alone is associated with 5-year survival rates greater than
90%. Therefore, neoadjuvant treatment is generally reserved
for more locally advanced, moderate- to high-risk operable
patients (T3—4, NO-2). Transanal excision is possible in some
patients with early stage rectal cancer. The degree of submu-
cosal (SM) invasion influences the risk of nodal metastases, in-

Multimodality management is associated with an in-
crease in acute and late toxicity. Moreover, despite a
reduction in local recurrence rates, this has not con-
sistently been demonstrated to improve survival. Al-
though acute side effects and surgical complications
are only slightly increased following pelvic radiother-

apy, long-term toxicity can be more problematic.

creasing from 0%—3% for SM1 to 8%—10% for SM2 and 23%—
25% for SM3 [25]. In practice, transanal resection is usually
only offered to those with T1 SM1/SM2 tumors that are well to
moderately differentiated with no clinical or radiological evi-
dence of lymphadenopathy [26]. Those with T1 SM3 or T2 tu-
mors are at higher risk of local nodal involvement with
subsequent higher rates of local recurrence when compared
with traditional surgical approaches [27, 28]. Accurate staging
and patient selection are essential in this setting. Patients who
are understaged and subsequently found to have high-risk
features after local excision require consideration of further
resection. For those with low-risk disease (>T1 SM2 NO), rad-
ical resection with TME should be considered.
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Table 3. Phase lll trials of long-course radiotherapy with or without chemotherapy

No.of  Radiotherapy Arms (no. of Pathological 5-year local 5-year overall Acute grade 3/4
Trial patients dose eligible patients) Chemotherapy complete response Sphincter sparing recurrence survival toxicity
CAO/ARO/AIO-94 823 50.4 Gy/28 Preoperative CRT  CVI5-FU during 8% for preoperative 39% for preoperative 6% for preoperative 76% for preoperative 27% for preoperative
fractionsand (421); CRT CRT; NA for CRT; 19% for CRT; 13% for CRT; 74% for CRT; 40% for
50.4 Gy/28 postoperative CRT postoperative CRT  postoperative CRT postoperative CRT  postoperative CRT postoperative CRT
fractions +  (402) (p = .004) (p = .006) (p=.80) (p = .001)
5.4 Gy boost
FFCD-9203 [6] 733 45Gy/25 Preoperative CRT  5-FU over 20 11.4% for 57.7% for 8.1% for 67.4% for 14.6% for
fractions (375); minutes; no preoperative CRT;  preoperative CRT; preoperative CRT,  preoperative CRT; preoperative CRT;
preoperative RT chemotherapy 3.6% for 58.3% for 16.5% for 67.9% for 2.7% for
(367) preoperative RT preoperative RT preoperative RT (o preoperative RT preoperative RT
(p <.0001) (p=.837) =.004) (p = .684) (p<.05)
EORTC22921%[4] 1,011 45 Gy/25 Preoperative CRT; 5-FU bolus;no  13.7% for 52.8% for 8.7% for 65.8% for 13.9% for
fractions preoperative RT chemotherapy preoperative CRT;  preoperative CRT; preoperative CRT preoperative CRT; preoperative CRT;
5.3% for 50.5% for (7.6% for 64.8% for 7.4% for
preoperative RT (o preoperative RT postoperative preoperative RT preoperative RT
<.001) (p =.47) chemotherapy); (p=.84) (p<.001)
17.1% for

preoperative RT
(9.6% for
postoperative
chemotherapy)
(p = .002)

#Because of significant interactions, local recurrence rates were quoted for all four treatment arms. Where noted, arms also received postoperative

chemotherapy.

Abbreviations: CRT, chemoradiation; CVI, continuous venous infusion; FFCD, EORTC, European Organisation for Research and Treatment of Cancer;

Fédération Francophone de Cancérologie Digestive; RT, radiotherapy.

As discussed before, for T3 rectal cancer with extramural
spread <5 mm without nodal or extramural venous involve-
ment, preoperative treatment may also be spared. However,
many patientsin this category would have beenreceiving pre-
operative or postoperative (chemo)radiation. The long-term
side effects of pelvic RT need to be carefully balanced against
the possibly marginal benefit over surgery alone.

MODERATE-RISK DISEASE

Historically, patients with moderate-risk disease would be
subjects of RCTs to assess pre- and postoperative therapy in
locally advanced rectal cancer in conjunction with patients
with CRM-threatened rectal cancer. The use of both neoadju-
vant short-course RT (25 Gy in five fractions) and long-course
chemoradiotherapy (CRT 45-54 Gy in 25—-30 fractions with
concomitant fluropyrimidine-based chemotherapy) have
both shown benefits in local control, but OS has not been im-
proved apart from the Swedish Cancer trial [5], perhaps due to
lack of impact on reducing distant recurrences.

Tables 2[5, 8,29-31]and 3[4, 6,32] show the recent RCTs
in short-course RT and long-course CRT, respectively. How-
ever, multimodality management is associated with an in-
crease in acute and late toxicity. Moreover, despite a
reduction in local recurrence rates, this has not consistently
been demonstrated to improve survival [4—8]. Although
acute side effects and surgical complications are only slightly
increased following pelvic radiotherapy, long-term toxicity
can be more problematic. Increased rates of fecal inconti-
nence, bowel obstruction, and sexual dysfunction have all
been reported [33-36]. Importantly, a second cancer may in
fact compromise long-term survival; this could widen further
with longerterm follow-up [8, 37]. Inthe Dutch TME study, pa-
tients who received RT had a 14% second cancer rate versus
9% in the nonirradiated group after a median follow-up of 12
years [8]. The long-term sequelae of pelvic radiotherapy must
be therefore considered when making treatment decisions.
Subsequently, there remains significant variation in practice
for patients with moderate risk disease.

As shown in Table 2, preoperative short-course radiother-
apy improved only OS in the Swedish Rectal Cancer Study
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when surgery was not optimal; the subsequent Dutch study
and the more recent Medical Research Council (MRC) CRO7
trial have yet to demonstrate an OS advantage.

Although the use of long-course CRT for patients with
high-risk disease is widely accepted as standard practice (Ta-
ble 3), its use in patients with moderate-risk disease is more
variable. The Chirurgische Arbeitsgemeinschaft fiir Onkolo-
gie/Arbeitsgemeinschaft Radiologische Onkologie/Arbeitsge-
meinschaft Internistische Onkologie (CAO/ARO/AIO-94)
German Rectal Study Group clearly demonstrated that preop-
erative CRT was superior to postoperative CRT. Patients with
T3 or T4 node positive rectal cancer were randomized to re-
ceive pre- or postoperative CRT with concurrent infused 5-FU.
Local recurrence rates were significantly reduced in the pre-
operative arm; however, there was no difference in DFS or OS
rates [32]. The majority of patients had T3 disease, although
the T stage was unknown in 24% of patients and subgroup
analysis of benefit by stage was not performed. The improve-
ment in local recurrence with the addition of chemotherapy
persisted after 11 years of follow-up (7.1% vs. 10.1% in the
pre- and postoperative arms, respectively; p = .048). There
remained no significant difference in OS, DFS, or cumulative
incidence of distant metastases [7]. Interestingly, the median
time to local recurrence was only 18.7 months in the postop-
erative CRT arm, whereas it was 30.7 months for those after
preoperative CRT. Notably, seven local recurrences occurred
beyond 5 years of follow-up—five in the preoperativearm and
twointhe postoperative arm—which suggested that preoper-
ative CRT delayed but did not eliminate local recurrences. No
such discrepancy was found in distant metastases between
the pre-and postoperative CRT arms, with 7.6% of distant me-
tastases occurring beyond 5 years of follow-up.

Althoughallthree RCTs that established the benefit of pre-
operative CRT used 5-FU in conjunction with radiotherapy [4,
6, 32], capecitabine has been readily incorporated in CRT in
routine clinical practice. Two RCTs comparing capecitabine
with 5-FU-based CRT have reported their results. The smaller
German study showed that OS was noninferior in the capecit-
abine arm compared with the fluorouracil group [38]. Inter-
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estingly, there was a trend toward improved survival in the
capecitabine arm, perhaps because of fewer distant metasta-
ses in the capecitabine group. However, there was a signifi-
cantimprovementin DFS in favor of capecitabine. The second
U.S. study also compared capecitabine with 5-FU [39]. No sig-
nificant difference was seen with the pathological complete
response (pCR) rate between capecitabine and 5-FU with or
without oxaliplatin. The survival outcomes have not yet been
reported.

A number of trials have compared the relative benefits
of SCRT and CRT. The Medical Research Council (MRC) CRO7
trial compared the use of SCRT plus surgery with surgery
and selective postoperative CRT reserved for patients with
an involved CRM [31]. There was a reduction of 61% in the
relative risk of local recurrence for patients receiving pre-
operative radiotherapy with an absolute difference at 3
years of 6.2%. However, interpretation of this trial is com-
plicated by the relatively small number of patients having
selective postoperative CRT (<10%; n = 68) in comparison
tothose completing preoperative SCRT (n = 624). Although
TME surgery was encouraged, it was not mandated. In ad-
dition, although surgeons considered TME completein 93%
of patients, histological review confirmed that in fact only
52% of patients had a “good” (mesorectal) excision [31].
However, independent assessment of CRM positivity and
the plane of surgery within the CRO7 trial demonstrated
that the benefit from SCRT radiotherapy was independent

Neoadjuvant chemotherapy has demonstrated high
radiological response rates in phase Il trials. This
raises the possibility that CRT could be omittedin a se-
lected group of patients without affecting outcome,
thus potentially avoiding radiotherapy-associated
toxicity.

of the extent of excision [40]. Although these results
strengthen the argument for SCRT, the trial cannot confi-
dently be used as a direct comparison of preoperative SCRT
versus postoperative CRT in the post-TME era when <10%
of trial patients indeed received postoperative radiation.

APolishtrialcompared sphincter preservation rates fol-
lowing SCRT and TME or CRT and TME. The study found that
despite significantdownsizingandincreased pCRrates with
CRT, there was no increase in sphincter preservation rate
when compared with SCRT [41]. After 4 years of follow-up,
therewere nodifferencesinlocal failure, DFS, or OSratesin
the SCRT and CRT groups, respectively [29]. Local recur-
rence ratesin the Polish trial were higher in both arms than
in other randomized studies using TME. The authors postu-
lated that TME was arelatively new technique at the time of
the study, which may have affected the quality of the TME.
In addition, there was no pathological control of surgery
quality.

A more recently published Australasian trial also com-
pared SCRT with preoperative CRT [30]. Once again, no statis-
tically significant differences were seen in local recurrence,
distant metastasis, and survival, although the trend in reduc-
tion of local recurrence was in favor of long-course CRT.
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Tumor downstaging is not typically seen following SCRT
because tumor regression is integrally related to the time in-
terval between treatment and surgery; patients receiving
SCRT usually proceed to surgery 7-10 days after completion of
radiotherapy. Although there is preliminary data to suggest
that SCRT followed by a delay of 6—8 weeks may allow tumor
downstaging and be a useful alternative to CRT, this has yet to
be validated in a clinical trial setting for patients with ad-
vanced disease but comorbidities precluding a longer treat-
ment schedule.

Asmall Polish study randomized 154 patientstohave 5 X 5
Gy preoperative SCRT followed by surgery either 7-10 days or
4-5weeks after RT [42]. With a minimum follow-up of about 4
years, 5-year survival rates were 63% and 73% for the immedi-
ate and delayed surgery groups, respectively (p = .24). The
longer time interval between RT and surgery resulted in
greater downstaging rate (44.2% vs. 13%), resulting in signifi-
cantly better survival in this subgroup of patients who experi-
enced downstaging. However, no improvements in other
surgical outcomes, such as the rates of sphincter-saving pro-
cedures and curative resections, were observed.

The ongoing Stockholm Ill trial is randomizing patients to
either SCRT with immediate (1-10 days) or delayed (4-7
weeks) surgery. An interim analysis performed after 303 pa-
tients were recruited demonstrated acceptable compliance.
However, the trial has been slow to recruit and final results are
still awaited. At present, patients with bulky tumors who re-
quire downstaging prior to surgery should be offered CRT.

Neoadjuvant chemotherapy has demonstrated high ra-
diological response rates in phase Il trials [43, 44]. This raises
the possibility that CRT could be omitted in a selected group of
patients without affecting outcome, thus potentially avoiding
radiotherapy-associated toxicity. In a single-arm phase Il
study, selected patients with stage Il or lll disease (excluding
those with T4 or bulky disease) were reassessed following six
cycles of neoadjuvant folinic acid, fluorouracil, and oxaliplatin
(FOLFOX) and bevacziumab. Patients with a partial or com-
plete response proceeded directly to surgery, with selective
postoperative CRT used in those with a positive CRM. In those
with stable or progressive disease after chemotherapy, CRT
was given. Early results demonstrated that all 31 patients re-
spondedtotreatmentanddid notrequire CRT. Treatment was
well-tolerated and resulted in a pCR rate of 27% with no local
recurrence observed yet. Longer term follow-up is required to
assess the impact on local control, PFS, and OS rates [45].

In another Spanish study Grupo Espafiol Multidisciplinar
en Cancer Digestivo (GEMCAD 0801), patients with moderate-
risk disease received neoadjuvant chemotherapy with cape-
citabine and oxaliplatin (CAPOX) and bevacizumab [46].
Patients without documented disease progression would un-
dergo surgery directly without any RT. Early results showed
that 88% of patients had radiological response, resulting in
100% RO resection and 15% pCR rates. However, both studies
are currently in abstract form and the full peer-reviewed pub-
lications have not been published. Nevertheless, the first
study conducted in the U.S. has led to an U.S. Cooperative
Group phase Il-lll study North Central Cancer Treatment
Group (NCCTG-N1048). In this study, 1,060 patients will be
randomized to neoadjuvant FOLFOX followed by low anterior
resection with TME if =20% tumor regression is observed. In
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Table 4. Phase lll trials of neoadjuvant chemoradiation with oxaliplatin and 5-FU/capecitabine

Chemotherapy Pathological
Primary No.of Radiotherapy (no. of eligible complete Local Acute grade
Trials endpoint patients dose patients) response Sphincter sparing recurrence Overall survival 3/4 diarrhea
NSABP-R04 [39] Locoregional 1,608 50.4 Gy/28 Capecitabine or 19.1%; 20.9% for 63.6%;60.4% for NR NR 6.6%; 15.4% for
relapse fractions 5-FU; capecitabine oxaliplatin oxaliplatin oxaliplatin
or5-FU + regimen regimen (p = .28) regimen
oxaliplatin (p = .46) (p <.0001)
CAO/ARO/AIO-04 Disease-free 1,265 50.4 Gy/28 S5FU (623); 5-FU + 13%; 17% for 76%; 75% for NR NR 8%; 12% for
[51] survival fractions oxaliplatin (613) oxaliplatin oxaliplatin oxaliplatin
regimen regimen regimen
(p=.038)
STAR-01 [48] Overall 747 50.4 Gy/28 5-FU (377); 5-FU + 16% for both 78%; 79% for NR NR 4%; 15% for
survival fractions oxaliplatin (362) (p =.904) oxaliplatin oxaliplatin
regimen regimen
(p <.001)
ACCORD 12/0405- Pathological ~ 598  45Gy/25 Capecitabine 13.9%;19.2% for 74.6%;75.4% for  6.1%%; 4.4%> 87.6%%;88.3%  3.2%; 12.6% for
Prodige 2 [50] complete fractionsand 50 (293); oxaliplatin oxaliplatin for oxaliplatin for oxaliplatin oxaliplatin
response Gy/25 fractions capecitabine + regimen regimen regimen regimen regimen
oxaliplatin (291) (p=.09) (p<.001)

#3-year outcomes.

Abbreviations: ACCORD, Actions Concertées dans les Cancers Colorectaux et Digestifs; NR, not reported; NSABP, National Surgical Adjuvant Breast
and Bowel Project; OS, overall survival; pCR, pathological complete response; STAR-01, Studio Terapia Adiuvante Retto network-01.

those patients with <20% tumor regression after chemother-
apy, CRT will be given before surgery. The control group will re-
ceive neoadjuvant CRT alone followed by low anterior
resection with TME. The primary endpointfor the phasell por-
tion will be pelvic RO resection rate, whereas disease-free sur-
vival will be the primary outcome measure for the phase llI
trial.

In the planned U.K. phase Il BACCHUS (NCT01650428)
study, patients with moderate-risk rectal cancers (tumors >4
cm from anal verge with a nonthreatened CRM) will be ran-
domized to receive six cycles of bevacizumab with either
FOLFOX or folinic acid, 5-fluorouracil, oxaliplatin, and irinote-
can (FOLFOXIRI) followed by TME surgery. In another U.K.
phase Il trial, COPERNICUS (NCT01263171), investigators aim
to assess the role of neoadjuvant chemotherapy followed by
SCRT for those with moderate-risk disease.

HiGH-RISK DISEASE
By definition, patients with high-risk disease have a poten-
tially involved or threatened CRM and are at increased risk of
both local and distant recurrence with an associated poorer
prognosis. Long-course CRT with a radiation dose of 45-54 Gy
and concomitant fluoropyrimidine chemotherapy is now
widely accepted as standard practice. However, despite im-
provementsin local recurrence rates from 40% to <10% with
the addition of neoadjuvant long-course CRT, distant recur-
rence remains a significant problem, with 5-year distant me-
tastasis rates of about 35% [4, 32]. Intensification of CRT
schedules in an attempt to improve outcomes, with either ra-
diation dose escalation or the use of more effective radiation
sensitizers, has been evaluated in a number of clinical trials.
Although preclinical studies found oxaliplatin to be a po-
tent radiosensitizing agent [47] and single-arm noncompara-
tive phase Il studies showed pCR rates of 20%-25% with
adding oxaliplatin to fluoropyrmidine-based CRT, improve-
ments in efficacy have not been demonstrated in several
phase Il studies. Table 4 shows the four phase lll trials that
have evaluated the addition of oxaliplatin to fluoropyrimi-
dine-based CRT [39, 48-51]. Only the German study showed
an improvement in pCR in an unplanned exploratory analysis
[51]. The other three studies reported no improvements in
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pCR, as well as increased grade 3/4 toxicities, especially diar-
rhea [39, 48, 49]. Thus far, only the ACCORD study reported
3-year survival outcomes, but no significant differences have
been found between the two treatment arms [50].

A fifth RCT Pan-European Trials in Adjuvant Colon Cancer
(PETTAC6) randomized patients to capecitabine and radiation
with or without oxaliplatin; results are not yet available. It is
unlikely that results from PETTAC6 will lead to the widespread
incorporation of oxaliplatin to fluoropyrimidine-based CRT
given that three large phase Il trials of nearly 3,000 patients
have failed to demonstrate improvement in pCR. The survival
outcomes of these trials are important to determine the role
of oxaliplatin-based CRT, but a significant survival effect is un-
likely to be observed. Whether this is a consequence of the in-
creased toxicity demonstrated with oxaliplatin, resulting in
reduced-dose intensity of the fluropyrimidine or radiation, or
whether oxaliplatin is simply not an effective radiosensitizer
remains unclear.

A number of phase Il trials have demonstrated that irino-
tecan-based CRT is well-tolerated, with resultant pCR rates of
15%—28%. However, there has been some concern over the
rate of surgical complications with the addition of irinotecan
to CRT schedules. Rates of grade 3/4 diarrhea in these studies
ranged from 11%—-32%. The limited data available on surgical
morbidity after neoadjuvant CRT with irinotecan suggest an
increase in the rate of anastamotic leakage, which clearly
needs further evaluation in prospective clinical trials before
these regimens can be adopted. The U.K. ARISTOTLE trial of
concurrent irinotecan and capecitabine versus capecitabine-
based CRT is currently recruiting.

Furtherintensification of CRT with the addition of targeted
agents, including the antiangiogenic antibody bevacizumab
and antiepidermal growth factor receptor inhibitors cetux-
imab and panitumumab, have also been evaluated. Bevaci-
zumab, amonoclonal antibody to vascular endothelial growth
factor, has beenincorporated into neoadjuvant CRT with vari-
able toxicity and pCR rates (0%—36%) [52—55]. The data are
limited by the relatively small numbers of patients in these
studies; therefore, conclusions regarding the benefits of the
addition of bevacizumab cannot be made at this time.
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Incorporation of the anti-epidermal growth factor recep-
tor (EGFR) monoclonal antibodies cetuximab and panitu-
mumab into management of rectal cancer has been evaluated
inmultiple phaseland Il studies based on their proven efficacy
in KRAS wild-type patientsinthe advanced setting [56, 57]. Ce-
tuximab has recognized radiosensitization properties in head
and neck cancers. However, to date, phase | and Il studies of
cetuximab-based CRT in unselected patients with rectal can-
cer have not shown any improvement in clinical outcomes. A
recent pooled analysis of unselected cetuximab-based CRT
studies demonstrated pCR rates ranging 0%—20%. The overall
pooled pCR for cetuximab-based CRT was 9.1% (29 of 316 pa-
tients) [58].

Radiation doses to the pelvis have classically been re-
stricted by concerns over potential small bowel toxicity,
sphincter preservation, and the risks of surgical morbidity, in-
cluding anastomotic dehiscence [59]. Early dose-escalation
studies evaluating doses =50 Gy in rectal cancer have demon-
strated respectable pCR rates. In the French ACCORD12/0405
PRODIGE 2 study, apart from incorporating oxaliplatin to
capecitabine RT, the dose of RT was also increased from 45 Gy
in the control arm to 50 Gy in the experimental arm [49]. No
significant difference was observed in the CAPOX 50 arm;
thus, it is unclear whether increasing RT dose would improve
survival outcome [50].

Alternative methods of radiotherapy delivery to increase
dose to the primary tumor while minimizing dose to the sur-
rounding normal tissue include contact radiotherapy and en-
dorectal brachytherapy. The use of endorectal high-dose rate
(HDR) brachytherapy allows a higher dose to be delivered to
the primary tumor. With use of a combined approach, doses
up to 100 Gy have been delivered without significantly affect-
ing toxicity [60]. In a small French RCT, 88 patients were ran-
domlyallocatedto be treated with external beam RT (EBRT; 39
Gyin 13 fractions) orthe same EBRT plus endocavitary contact
radiotherapy boost (85 Gy in 3 fractions). The 10-year rate of
permanent colostomy was halved in the contact RT group
compared with EBRT alone. A phase Ill trial of 50.4 Gy in 28
fractions with concomitant uftoral and leucovorin with or
withoutan HDR endorectal boost (10 Gy in two 5-Gy fractions)
in patients with high-risk disease demonstrated no difference
in pCR. However, the RO resection rate was significantly in-
creased following the endorectal boost (90% vs. 99%; p = .03)
[61].

More recently, intensity-modulated radiotherapy (IMRT)
using multiple radiation fields to create highly conformal dose
distributions has been evaluated in an attempt to minimize
the doses to adjacent critical pelvic structures. This approach
has been evaluated in small clinical studies and in a retrospec-
tivereview, butithasyettobe confirmedinlargerstudies [62].
IMRT with concurrent capecitabine and oxaliplatin was dem-
onstrated to be feasible in the phase Il Radiation Therapy On-
cology Group (RTOG) 0822 study [63].

With an optimized dose of radiation and fluropyrimidine,
which both serve to maximize local tumor response, there cur-
rently appears to be little room for further improvement with
additional radiosensitizing agents. However, there remains a
need to improve outcomes for patients with high-risk rectal
cancer, suggesting that alternative strategies are required to
tackle the challenge of reducing distant metastases.
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The rationale for neoadjuvant chemotherapy includes
downstaging of the primary tumor, reduction of distant recur-
rence by early initiation of systemic treatment, and early iden-
tification of those with aggressive biology who are unlikely to
respond. The time from diagnosis to initiation of systemic che-
motherapy following SCRT is 6—-10 weeks (up to 16—-19 weeks
following CRT). Given that systemic relapse is responsible for
the majority of deaths in patients with rectal cancer, thereisa
strong clinical rationale for upfront chemotherapy, particu-
larlyin patients who are likely to require chemotherapyas part
of their treatment strategy.

A number of phase Il trials have evaluated the addition of
neoadjuvant chemotherapy to the treatment paradigm of lo-
calized rectal cancer with encouraging results. A single-arm
phase Il trial (EXPERT; [Oxaliplatin (Eloxatin) Capecitabine
(Xeloda) and preoperative radiotherapy for patients with lo-
cally advanced and inoperable rectal cancer]) evaluated neo-
adjuvant CAPOX followed by CRTand TME in 105 patients with
MRI-defined poor-prognosis rectal cancer [43]. Patients re-
ceived four cycles of CAPOX followed by CRT (54 Gy in 32 frac-
tions) with capecitabine, TME, and 12 weeks of postoperative
adjuvant capecitabine. Radiological response rates were 74%
after neoadjuvant chemotherapy and 89% after CRT, with a
pCR of 20%. The 5-year PFS and OS rates were 64% and 75%,
respectively, despite the poor-risk population [43]. These en-
couraging results were replicated in a recent study from Den-
mark [64] where two cycles of CAPOX were given before CRTin
84 patients. A pathological CR rate of 25% was observed, with
5-year DFS and OS rates of 63% and 67%, respectively.

A subsequent phase Il European multicenter trial (EX-
PERT-C) evaluated neoadjuvant chemotherapy with the addi-
tion of cetuximab to a similar treatment protocol as was used
in EXPERT trial [44]. Although the study did not meet the pri-
mary endpoint of improving complete response, the addition
of cetuximab resulted in a 20% improvement in radiological
response to the neoadjuvant chemotherapy. This significant
improvement was maintained after CRT. Progression-free
survival was similar in both arms; however, there was a signif-
icant OS benefit at 3 years in the KRAS wild-type patients re-
ceiving cetuximab. Theseresultsindicate the potential benefit
of systemic treatment prior to local therapy in patients with
high-risk rectal cancer and warrants furtherinvestigationin
patients who would otherwise receive chemotherapy as a
component of their postoperative treatment. Indeed, a
phase Il study has commenced in France, in which 460 pa-
tients with at least clinical T3 rectal cancer with risk of local re-
currence will be randomized to standard capecitabine-based
CRT alone or modified 5-FU/leucovorin/irinotecan/oxaliplatin
(FOLFIRINOX) followed by capecitabine-based CRT. Both
groups would then undergo TME surgery and further postop-
erative adjuvant chemotherapy with either FOLFOX or cape-
citabine depending on TNM and the center’s choice.

BI10MARKERS T0 PREDICT EFFICACY

Relatively few robust data have elucidated the molecular
mechanism of chemoradiosensitivity or resistance. Both high-
throughput (whole genome analysis) and low-throughput
(single or multibiomarker analyses) investigations have been
performed. A comprehensive systematic review of single bio-
markers identified several promising predictive biomarkers
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including EGFR, thymidylate synthase, and p21 [65]. In brief,
the main studies evaluating single/multiple biomarkers fo-
cused on DNA mutation in the RAS-MAPK pathway, single nu-
cleotide polymorphisms, and various single or multiple
immunohistochemical markers. For whole genomic analysis,
several gene signatures have been identified, which were dif-
ferentially expressed between responders and nonre-
sponders to preoperative CRT. These studies have recently
been reviewed by Grade et al. [66].

One example of such biomarker analysis would be the
evaluation of PI3 kinase mutation in rectal cancer. In a subset
of patients (n = 240) enrolled in the Dutch TME study, PIK3CA
mutation was found in 7.9% of nonirradiated rectal cancer
cases [67]. Tumors with PIK3CA mutations had a significantly
higher risk of local recurrence (5-year risk of local recurrence:
27.8% vs. 9.4%; p = .006) compared with those without
PIK3CA mutation. Interestingly, there were no differences in
distant metastases between the PIK3CA mutant and wild-type
patients. In particular, those with an E545K mutation had an
aggressive clinical course, with 81% of patients with this type
of mutation developing a relapse. However, in the 30 tumor
samples out of all 32 patients who developed local recurrence
in the irradiated arms, preoperative RT had 3 times greater
benefits in the PIK3CA mutants compared with those who
were wild type [68]. Thus, PIK3CA mutants might be a group
that would require preoperative RT.

There are several major drawbacks of the published stud-
ies. For instance, most studies tend to use tissues from retro-
spectively assembled cohorts without prospectively collected
outcomes. A variety of endpoints were used to predict posi-
tive successful outcome. Many studies used pathological re-
sponses such as pCR or tumor regression grades, whereas
others used survival outcomes such as DFS or OS. The defini-
tion of “response” and “resistance” differed among published
studies. Often, the studies had small sample sizes, which
greatly limited the statistical power to detect smaller but clin-
ically relevant differences. This was especially true when mul-
tiple biomarkers were examined—even more so with gene
expression profiling, for which the multidimensionality of
data posed further problems in their interpretation.

Recent technological advances in biomarker discovery
and validation bring much excitement as well as challenges.
Whole exome sequencing using next-generation sequencing
(NGS) will allow rare mutations to be identified. The sensitivity
of detecting small quantities of known DNA mutations will be
improved by digital polymerase chain reaction technology.
However, there are further logistic challenges in future pro-
spective studiesin rectal cancer. Firstly, current CRT regimens
result in pCR rates of 15%—20%. Therefore, in approximately
one fifth of patients, the only tissue available for such bio-
marker studies would be from the original diagnostic biopsy,
which often is of relatively minute amount of available mate-
rial. Resection specimens after CRT would not have viable tu-
mors in these cases; however, it is usually this particular
cohort of patients who achieved pCR that would constitute
the main group of interest for chemoradiosensitivity. Sec-
ondly, patients often participate in multiple clinical trials
throughout their cancer journey. Each individual trial may re-
quest archival tissues, which means that the tissues soon
would be exhausted for further testing. Thus, it is vital to per-
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form these biomarker studies in real time rather than waiting
for the entire clinical trial to finish recruitment. Thirdly, many
multicenter clinical trials are now part of an international col-
laboration. Each country and each institution may have indi-
vidual regulations/guidelines with regard to storage and
release of tissues. Retrieval of tissues from other countries
would potentially be problematic.

Aside from tissue-based biomarkers, imaging-based bio-
markers have also been examined. Recently, the MERCURY
group published data suggesting that an MRI-assessed tumor
regression grade (mrTRG) based onthe degree of low signalin-
tensity appearances of fibrosis can predict for improved out-
comes following CRT in patients with rectal cancer. In this
study, the 5-year survival rate for patients with poor mrTRG
was 27% compared with 72% for those with good mrTRG (p =
.001); the DFS rates were 31% versus 64% (p = .007), respec-
tively [69].

CONCLUSIONS

Although accurate staging and the use of high-resolution MRl
have allowed stratification of patients with locally advanced
rectal cancers, current multimodal neoadjuvant treatment
has failed to significantly improve OS. For patients with low-
risk disease, surgery alone remains an appropriate option. For
patients with moderate-risk disease, neoadjuvant SCRT or CRT
are accepted as standard of care. However, further investiga-
tionis needed to determine if patients with moderate-risk dis-
ease may be considered for neoadjuvant chemotherapy
alone, followed by surgery, which would avoid unnecessary
RT-associated toxicity. Conversely, patients with high-risk dis-
ease remain in need of intensified treatment to improve long-
term outcomes; the role of neoadjuvant chemotherapy in
addition to CRT warrants further evaluation in these patients.
These hypotheses clearly require evaluation in clinical trial
settings, ideally incorporating modern imaging techniques
and molecular biomarkers to allow accurate prediction and
assessment of response.
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