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Abstract Locally advanced rectal cancer is usually treated
with chemotherapy, radiation therapy, and total mesorectal
excision. Although effective, this trimodality therapy is ardu-
ous and associated with treatment-related toxicity. It has be-
come clear that some patients may not need to undergo all
three modalities of treatment and can thus avoid some of the
treatment-associated morbidity. Two such approaches include
selective use of preoperative radiation and nonoperative man-
agement. Limiting radiation can reduce treatment related tox-
icity and eliminate radiation-induced toxicity, fibrosis, and
bowel and urogenital dysfunction. As an alternative to radical
surgery, nonoperative management offers the considerable ad-
vantage of organ preservation. Efforts are under way to iden-
tify genetic markers that could be used to predict treatment
response and better individualize treatment.
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Introduction

The treatment of rectal cancer has evolved toward a
strong focus on decreasing local-recurrence rates using a
combination of modalities. Over the past 100 years, ef-
forts to reduce local-recurrence rates have shifted from
perfecting surgical technique to integrating surgery into
a trimodality approach—chemotherapy, radiation, and sur-
gery—which is now the standard of care for stage II and
III rectal cancer [1]. Although the trimodality approach
has helped improve outcomes, a subset of patients are
overtreated at the cost of morbidity and functional defi-
cits. Another concern is that while the trimodality ap-
proach has lowered local-recurrence rates, systemic recur-
rence rates have stayed the same.

Selection of the most appropriate treatment modality
should be based on considerations such as functional
and oncological outcomes and risk stratification.
Multiple factors must be taken into account in determin-
ing the correct regimen and sequence, as well as the pos-
sibility of a nonoperative approach for individual patients.
A patient’s ability to complete trimodal therapy should be
included among the factors considered. Despite reports of
better tolerance and compliance with preoperative chemo-
radiation, trimodal therapy is arduous, and some patients
are unable to complete all three modalities [2]. The ap-
propriate sequence of treatment should be tailored with
the goal of preventing local and systemic recurrence and
optimizing functional outcomes. For patients with a com-
plete clinical response to chemoradiotherapy (CRT), a
watch-and-wait strategy should be considered.

In this chapter, we review the current evidence on person-
alizing rectal cancer treatment in terms of treatment sequenc-
ing, addition and elimination of treatment components, and
organ preservation.
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Historical Perspective

In the decades following the first R0 radical resection by
W. Ernest Miles in 1908 [3], the rate of postsurgery local
recurrence of rectal cancer was about 30%. With the
widespread adoption of total mesorectal excision (TME),
widely taught by Richard Heald in the 1980s and 1990s,
the rates of local recurrence decreased to single digits [4].

Multiple randomized clinical trials have investigated the
use of neoadjuvant and adjuvant therapy for rectal cancer.
Postoperative chemotherapy was shown to lower recurrence
rates from 25 to 16% in the 1985 National Surgical
Adjuvant Breast and Bowel Project (NSABP) clinical trial
[5]. This finding set the stage for multimodality treatment of
rectal cancer. The Swedish Rectal Cancer Trial was the first
study to demonstrate that neoadjuvant radiotherapy helps
prevent local recurrence and is the only study to show that
neoadjuvant radiotherapy increases survival [6].

Dutch and German trials helped to further define the
current standard of care by demonstrating that standardi-
zation of surgical technique in combination with preoper-
ative chemotherapy reduced local-recurrence rates to
2.4% [2, 7]. In addition, the German study reported a
twofold higher number of sphincter-preserving operations
in the neoadjuvant chemotherapy group [2]. Based on
these landmark studies, the current standard of care in
the USA for stage II/III rectal cancer is trimodal therapy,
which includes neoadjuvant radiation combined with
radiosensitizing doses of chemotherapy, followed by
TME in 6–12 weeks. This standardization of treatment
for a heterogeneous population of patients with stage II/
III rectal cancer has led to overtreatment of a subset of
patients, necessitating a more personalized approach to
rectal cancer treatment.

Neoadjuvant Chemotherapy

The current standard-of-care neoadjuvant chemotherapy
for rectal cancer consists of oral administration of the
fluorinated pyrimidine prodrug capecitabine (Xeloda;
Roche), which has been shown to act as a radiosensitizer
[8]. The NSABP R-04 trial recently studied the potential
benefits of adding oxaliplatin to preoperative treatment.
The findings of that trial showed that in patients with
stage II/III rectal cancer who received neoadjuvant che-
motherapy, the addition of oxaliplatin to standard therapy
did not change local-recurrence rates, the likelihood of
sphincter-preserving surgery, or the likelihood of surgical
down-staging, while increasing treatment-related toxicity
[9]. Therefore, oral capecitabine monotherapy combined
with radiation remains the preferred treatment.

Addition of Systemic Chemotherapy

Despite the decrease in the rate of local recurrence of rectal
cancer, the rate of distant relapse remains 30–40% [10]. As a
result, there has been growing interest in the use of systemic
chemotherapy in the neoadjuvant setting, aimed at treating
both micrometastasis and the primary tumor. In a pilot study
of 77 patients with locally advanced rectal cancer with poor-
risk features, treated with neoadjuvant capecitabine-
oxaliplatin followed by CRT and TME, Chau et al. [11] re-
ported a 24% rate of pathological complete response, com-
pared to an 8% rate in the German trial [2]. Symptomatic
responses in the study by Chau et al. were seen at a median
of 32 days in 86% of the patients. This treatment was validated
for safety and feasibility in a Phase II clinical trial, which
found a 20% rate of pathological complete response and min-
imal toxicity [12]. In a 2014 retrospective review, Cercek et al.
[13•] reported a 29% rate of complete clinical response in
patients who received FOLFOX (folinic acid, fluorouracil,
oxaliplatin) induction therapy followed by CRT. That study
also demonstrated a high rate of compliance. All patients were
assessed every 8 weeks, and no tumor progression was seen in
patients with stage II/III rectal cancer with poor-risk features.

Induction chemotherapy is attractive for multiple reasons.
First, it allows for better compliance with the treatment plan.
In a phase II study, Fernandez-Martos et al. [14] compared
induction chemotherapy to adjuvant chemotherapy in patients
with locally advanced rectal cancer. The group that received
induction chemotherapy had significantly higher rates of com-
pletion of prescribed chemotherapy (91 versus 54%) and low-
er toxicity (19 versus 54%) than the group that received adju-
vant chemotherapy. In addition, patients that receive induction
chemotherapy and undergo restorative proctectomy with di-
verting ileostomy do not have to receive additional chemo-
therapy with a stoma in place. It allows for completion of
chemotherapy without complications of an ileostomy.
Induction therapy also allows for earlier closure of diverting
ostomies, and as demonstrated by Chua et al. [12], it acceler-
ates symptomatic relief. Induction chemotherapy can be uti-
lized for bulky symptomatic tumors and tumors with systemic
spread evidenced by positive locoregional lymph nodes.

Radiation Therapy

Neoadjuvant pelvic radiation therapies are categorized as ei-
ther short course or long course. In general, short-course radi-
ation therapy delivers 25 Gy (five fractions of 5 Gy each),
followed by surgery 1 week later. This radiation therapy de-
creased local-recurrence rates in both the Swedish Rectal
Cancer Trial and the Dutch trial [6, 7]. Short-term radiation
therapy is associated with relatively low sphincter salvage
rates and limited safety with concurrent chemotherapy.
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Long-course radiation therapy (used in the German trial)
delivers 50.4 Gy (28 fractions of 1.8 Gy each), followed by
surgery 4–8 weeks later [2]. It produces toxic effects in up to
50% of patients [15, 16]. These effects can lead to poor com-
pliance, with a reported 70% of patients unable to tolerate the
entire course [17]. In addition, the functional impairments
associated with radiation therapy can be debilitating, especial-
ly in young patients [17]. Radiation can cause fibrosis and
autonomic nerve damage, which can lead to pelvic floor, fecal,
and urinary dysfunction. The Dutch Colorectal Cancer Group
reported incontinence in 68% of irradiated patients, compared
to 38% in the nonirradiated group [18].

Proponents of long-course radiation therapy have cited
higher rates of sphincter preservation and lower surgical
morbidity compared with short-term radiation therapy.
Proponents of short-course radiation therapy, on the other
hand, emphasize lower costs and improved patient compli-
ance. Multiple randomized controlled studies have com-
pared the benefits of short-course and long-course radiation
therapies. One of the trials, conducted by Bujko et al. [17],
found that short-course radiation therapy did not differ from
long-course radiation therapy in terms of patient survival,
local control, or late toxicity.

The Trans-Tasman Radiation Oncology Group [19] com-
pared long- and short-course radiation therapies in patients
with T3N(any) disease who also completed 5 months of post-
operative adjuvant chemotherapy. Again, the two types of
radiation therapy did not differ in local or distant recurrence,
overall survival, or radiation-associated toxicity. However, the
2% cumulative local-recurrence rate at 5 years for long-course
radiation therapy was lower than the rate for short-course ra-
diation therapy. Although this finding is clinically significant,
it did not reach statistical significance because of the study’s
low power. In addition, for a subset of 79 patients with distal
tumors, the authors reported a cumulative local-recurrence
rate of 12.5% in patients who received short-course radiation
therapy, compared to 0% in patients who received long-course
radiation. A single-institution, phase II clinical trial of neoad-
juvant short-course radiation followed by four cycles of mod-
ified FOLFOX-6 and then TME 4–5 weeks later reported a
28% pathological complete response rate and acceptable mor-
bidity rates [20].

Patient Stratification

Despite the improvement in local-recurrence rates with radia-
tion, many question the broad use of radiation therapy, given
its negative impact on bowel and urogenital function. The
current standard of administering radiation therapy to all pa-
tients with stage II/III rectal cancer leads to overtreatment of a
subset of patients. Because this subset of patients is heteroge-
neous, a personalized treatment plan based on tumor biology

and risk stratification is needed. The risk of recurrence was
stratified by Gunderson and colleagues into the following risk
groups: low (T1/2 N0), intermediate (T1/2 N1, T3N0), mod-
erately high (T1/2 N2, T3N1, T4N0), and high (T3N2,
T4N1/2). Based on data from large phase III rectal cancer
trials, patients with intermediate-risk tumors have local recur-
rence rates of 6%, compared to 8–15% for the moderately
high-risk group and 15–22% for the high-risk group. This
translates into higher rates of 5-year overall survival for
intermediate-risk patients (74–81%) compared to the moder-
ately high-risk (61–69%) and high-risk (33–48%) groups [21].

Based on the above data, patients with locally advanced
rectal cancer with poor-risk features clearly benefit from radi-
ation. However, selective use of radiation in low- and
intermediate-risk patients is reasonable in an attempt to avoid
radiation-associated toxicity such as incontinence. This ap-
proach was examined in a prospective study of 32 patients
with stage II/III rectal cancer who underwent neoadjuvant
FOLFOX-based chemotherapy without radiation [22•]. All
30 patients who completed the neoadjuvant chemotherapy
underwent an R0 resection. The rate of complete pathological
response was 27% and 63% of patients showed tumor re-
sponse rates of >80%. No pelvic recurrence was reported with
a mean follow-up of 27 months. The rate of distant metastasis
was 10% [22•]. These results need to be validated by larger
randomized clinical trials.

The current international prospective randomized trial
PROSPECT (Preoperative Radiation or Selective
Preoperative Radiation and Evaluation before Chemotherapy
and TME) N0148 is aimed at using radiation selectively rather
than reflexively. The study enrolls patients with T3N0, T3N1,
and T2N1 disease. The standard arm of the trial receives che-
moradiation followed by TME, and the experimental arm re-
ceives FOLFOX for 6 weeks followed by restaging
proctoscopy and MRI. Patients with greater than 20% re-
sponse proceed directly to TME without preoperative radia-
tion [23]. Those patients in the experimental arm that do not
respond to induction FOLFOX receive preoperative chemora-
diation. The proportion of patients that can avoid radiation, the
rates of local and distant recurrence, functional outcomes, and
correlative-science measures will be reported.

Timing of TME

The appropriate timing of surgery after completion of neoad-
juvant treatment has also been a topic of investigation.
Surgeons historically have been reluctant to delay surgery
beyond 8 weeks after completion of neoadjuvant treatment.
This is mainly due to concerns regarding micrometastasis dur-
ing a period of waiting and increased risk of fibrosis from
radiation that may lead to increased surgical morbidity.
However, tumor response and tumor regression have been
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shown to take months [24–26]. Multiple studies have demon-
strated that tumor response is time dependent [27–30]. The
Lyon R90-01 trial demonstrated that patients who underwent
surgery at 6–8 weeks following neoadjuvant radiation (39 Gy
over 17 days) had a higher pathological complete response
rate than patients who underwent surgery at 2 weeks (26 and
10%, respectively), with similar oncological outcomes [25].
The 17-year follow-up showed no difference in survival be-
tween the two groups [31]. Kalady et al. [28] demonstrated
that an interval >8 weeks resulted in a higher rate of patholog-
ical complete response than an interval of 6–8 weeks. They
also found a consistent increase in the rate of pathological
complete response in weeks 4–11. In a retrospective study of
189 patients, Kerr et al. [32] demonstrated that delaying sur-
gery by >8 weeks after neoadjuvant CRT decreased postoper-
ative morbidity [32]. However, a French multi-institutional
phase III randomized trial (GRECCAR-6) found no signifi-
cant difference in pathological complete response rates be-
tween patients who underwent surgery 7 weeks after CRT
and patients who underwent surgery 11 weeks after CRT [33].

A recent European randomized controlled trial investigat-
ing the optimal timing of surgery after CRT in 237 patients
found significant differences in both tumor downstaging and
pathological clinical response rates for different intervals be-
tween CRT and surgery. In that prospective multicenter trial,
the rate of pathological complete response was 20% in pa-
tients who underwent surgery 12 weeks after CRT and 9%
in patients who underwent surgery 6 weeks after CRT. In
addition, downstaging was more common in the 12-week-
interval cohort (58%) than in the 6-week-interval cohort
(43%) [34].

To address concerns regarding possible tumor progression
during the interval between CRT and surgery, a phase II clin-
ical trial studying the timing of rectal cancer response to CRT
investigated the addition of chemotherapy following neoadju-
vant chemoradiation. The study compared patients who re-
ceived no additional chemotherapy to patients who received
two, four, or six cycles of modified FOLFOX-6. The rate of
pathological complete response was highest in patients who
received six cycles of modified FOLFOX-6: 38%, compared
to 18% in patients who received no additional chemotherapy
[35•]. This increase in the rate of pathological complete re-
sponse suggests that nonoperative management may be a vi-
able treatment approach.

Nonoperative Management

In some patients, neoadjuvant CRT may lead to tumor down-
staging or a complete pathological response. For such pa-
tients, the benefits of resection have been questioned. A
pooled analysis of individual patient data demonstrated that
patients with pathological complete response after CRT have

higher survival rates than patients without such response (83.3
vs. 65.6%) [36]. Pathological complete response may be a
surrogate indicator of a favorable biological tumor profile with
a relatively low likelihood of local recurrence or distant
metastasis.

Pathological complete response rates are variable and
depend on many factors including initiation stage. A
retrospective study of 361 patients with stage I–III rec-
tal cancer reported a 27.4% rate of complete clinical
response after 8 weeks of CRT [37•]. A watch-and-
wait approach was adopted for those 99 patients. The
disease recurred in 13 of the 99 watch-and-wait pa-
tients: five patients had local recurrence, seven patients
had systemic recurrence, and one patient had both local
and systemic recurrence. The mean interval between
CRT completion and disease recurrence was 52 months.
The 10-year rate of disease-free survival for patients
with no recurrence was 90%, compared to 75.4% in
patients who required salvage surgery for local tumor
regrowth [37•].

In a prospective study of T2-4 N(any) rectal cancer, Habr-
Gama et al. [38] examined survival in patients who had a
complete clinical response after receiving an alternative CRT
regimen. The patients received fluorouracil/leucovorin-based
chemotherapy for three consecutive days every 21 days for six
cycles, with three of the six cycles being concomitant with
radiotherapy (5400 Gy total) [39]. The rate of initial complete
clinical response was 68% (n=47). Of the patients with a
complete clinical response, 17% (n=8) had a recurrence with-
in the first 12 months of nonoperative management. An addi-
tional 10% of patients (n=4) had local recurrence after more
than 12 months of nonoperative management. The 3-year sur-
vival rates for patients with stage II disease and patients with
stage III disease were 88 and 80%, respectively [38].

Despite the promising results, the organ preservation strat-
egy of nonoperative management will remain outside of stan-
dard care for rectal cancer until sufficient evidence demon-
strates that this strategy can achieve recurrence and survival
rates that are equivalent or superior to those achieved with
TME. Nevertheless, the organ preservation approach is in-
creasingly becoming a viable option, at high-volume centers,
particularly for frail patients and patients with a high risk of
morbidity and death. For patients being considered for non-
operative management, a candid discussion of the risks, ben-
efits, and experimental nature of the treatment plan is essen-
tial. Randomized clinical trials will need to identify predictors
of recurrence and validate this treatment plan.

Biomarkers

Tumor response is dependent not only on radiation dose, che-
motherapy regimens, and the timing of surgical intervention
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but also on tumor biology [40]. Genetic biomarkers can be
used to predict outcomes and select appropriate therapeutic
modalities. An ideal biomarker would predict which patients
will respond to CRT, thereby facilitating different treatment
options for other patients.

Garcia-Aguilar et al. studied mutations and polymorphisms
in 23 genes in 132 locally advanced tumors undergoing neo-
adjuvant treatment. The researchers discovered that the four
most prevalent markers were KRAS mutation, p53 mutation,
CCND1 G870A [AA] polymorphism, and MHTFR C677T
[TT] polymorphism. Tumors with these genetic alterations
did not achieve pathological complete response after CRT
[41].

Mutations in epidermal growth factor receptor
(EGFR) signaling pathways can predict efficacy of
anti-EGFR therapies in colorectal cancer. Mutation of
KRAS (which is a key component of this signaling
pathway) is a strong predictor of lack of response to
anti-EGFR monoclonal antibodies and could potentially
serve as a response biomarker in rectal cancer patients
treated with CRT. For a series of 39 patients treated
with cetuximab and CRT, Bengala et al. reported higher
response to CRT in patients with wild-type KRAS (37%)
than in patients with mutated KRAS (11%) [42]. Garcia-
Aguilar et al. reported similar results for 132 patients
treated with fluorouracil-based CRT [41]. Chow et al.
reported that in 229 CRT patients, KRAS mutation was
independently associated with a lower rate of patholog-
ical complete response. That cohort of patients did not
receive anti-EGFR treatment, but some patients received
two, four, six, or eight additional cycles of FOLFOX
[43]. In contrast to the above reports, however, some
smaller studies found no correlation between KRAS mu-
tation and response to treatment [44–46].

The role of the p53 gene in cell cycle arrest, DNA
repair, and apoptosis may affect acute cellular tumor re-
sponses to chemotherapy and radiation therapy. Multiple
studies have examined the effects of p53 on response to
radiotherapy, and the results are mixed [41, 43, 47, 48].
However, the combination of KRAS and p53 mutations
has been reported to be negatively associated with patho-
logical complete response in tumors treated with
fluorouracil-based CRT [41, 43, 49]. Chow et al. reported
an independent association of the combination of KRAS
and p53 mutations with lymph node metastasis [43].
These findings suggest that patients with both KRAS and
p53 mutations may not be appropriate candidates for the
nonoperative approach.

Homozygosity for the A allele in CCND1, a regulator of
the cell cycle, has also been reported to be associated with
decreased response to CRT [41], although no such association
was found in a series of 65 patients who underwent radiation
therapy only [50]. Another genetic polymorphism, MTHFR

C677T, associated with reduced activity of MTHFR (which
plays an important role in DNA synthesis), may also decrease
response to fluorouracil-based CRT [41, 51–53].

The feasibility of a biomarker assay in treatment of rectal
cancer has been reported [49]. It is unlikely that a single bio-
marker can predict treatment response, but a combination of
biomarkers may help identify patients who are most likely or
least likely to benefit from a particular treatment. Most studies
on potential biomarkers of rectal cancer response have been
limited by the lack of uniformity in treatment paradigms and
inadequate sample size [40].

Conclusion

The current standard of care for locally advanced rectal can-
cer, based on large randomized controlled studies, is a combi-
nation of neoadjuvant radiation and radiosensitizing chemo-
therapy followed by TME. This multimodality approach has
been shown to decrease the rate of local recurrence. However,
the rate of systemic recurrence continues to be high, which
may indicate a need for the addition of induction chemother-
apy in the neoadjuvant setting. This addition may also allow
surgeons to increase the time interval between neoadjuvant
CRT and surgery or eliminate the need for surgical interven-
tion altogether. Given the poor functional outcomes of pelvic
radiation, especially in combination with low anastomosis,
radiation should be used selectively, depending on tumor char-
acteristics and the likelihood of recurrence.

The evidence supporting selective use of trimodality ther-
apy has come from retrospective and small prospective series.
Larger, randomized trials have started accrual to answer some
of these questions. However, it is unlikely that the nonopera-
tive approach will be tested in a randomized fashion. Large
prospective studies and registries with robust follow-up will
be required to study this approach and identify patients that
can avoid surgery.

Acknowledgements We gratefully acknowledge the editorial assis-
tance of Arthur Gelmis. Memorial Sloan Kettering Cancer Center is sup-
ported by the NCI grant P30 CA008748.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

Curr Colorectal Cancer Rep (2017) 13:119–125 123



References

1. Lange MM, Rutten HJ, van de Velde CJ. One hundred years of
curative surgery for rectal cancer: 1908-2008. Eur J Surg Oncol.
2009;35:456–63.

2. Sauer R, Becker H, Hohenberger W, Rodel C,Wittekind C, Fietkau
R, et al. Preoperative versus postoperative chemoradiotherapy for
rectal cancer. N Engl J Med. 2004;351:1731–40.

3. We M. A method of performing abdominoperineal excision for
carcinoma of the rectum and of the terminal portion of the pelvic
colon. Lancet. 1908;2:1812–3.

4. Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK. Rectal
cancer: the Basingstoke experience of total mesorectal excision,
1978-1997. Arch Surg. 1998;133:894–9.

5. Prolongation of the disease-free interval in surgically treated rectal
carcinoma. Gastrointestinal Tumor Study Group. N Engl J Med.
1985;312:1465-72.

6. Improved survival with preoperative radiotherapy in resectable rec-
tal cancer. Swedish Rectal Cancer Trial. N Engl J Med. 1997;336:
980-7.

7. Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH,
Wiggers T, et al. Preoperative radiotherapy combined with total
mesorectal excision for resectable rectal cancer. N Engl J Med.
2001;345:638–46.

8. Dunst J, Reese T, Sutter T, Zuhlke H, Hinke A, Kolling-Schlebusch
K, et al. Phase I trial evaluating the concurrent combination of
radiotherapy and capecitabine in rectal cancer. J Clin Oncol.
2002;20:3983–91.

9. O’Connell MJ, Colangelo LH, Beart RW, Petrelli NJ, Allegra CJ,
Sharif S, et al. Capecitabine and oxaliplatin in the preoperative
multimodality treatment of rectal cancer: surgical end points from
National Surgical Adjuvant Breast and Bowel Project trial R-04. J
Clin Oncol. 2014;32:1927–34.

10. Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, Hess C,
et al. Preoperative versus postoperative chemoradiotherapy for lo-
cally advanced rectal cancer: results of the German CAO/ARO/
AIO-94 randomized phase III trial after a median follow-up of 11
years. J Clin Oncol. 2012;30:1926–33.

11. Chau I, Brown G, CunninghamD, Tait D,Wotherspoon A, Norman
AR, et al. Neoadjuvant capecitabine and oxaliplatin followed by
synchronous chemoradiation and total mesorectal excision in mag-
netic resonance imaging-defined poor-risk rectal cancer. J Clin
Oncol. 2006;24:668–74.

12. Chua YJ, Barbachano Y, Cunningham D, Oates JR, Brown G,
Wotherspoon A, et al. Neoadjuvant capecitabine and oxaliplatin
before chemoradiotherapy and total mesorectal excision in MRI-
defined poor-risk rectal cancer: a phase 2 trial. Lancet Oncol.
2010;11:241–8.

13.• Cercek A, Goodman KA, Hajj C, Weisberger E, Segal NH, Reidy-
Lagunes DL, et al. Neoadjuvant chemotherapy first, followed by
chemoradiation and then surgery, in the management of locally
advanced rectal cancer. J Natl Compr Cancer Netw. 2014;12:513–
9. This study describes induction chemotherapy in a cohort of
patients with locally advanced rectal cancer.

14. Fernandez-Martos C, Pericay C, Aparicio J, Salud A, Safont M,
Massuti B, et al. Phase II, randomized study of concomitant che-
moradiotherapy followed by surgery and adjuvant capecitabine plus
oxaliplatin (CAPOX) compared with induction CAPOX followed
by concomitant chemoradiotherapy and surgery in magnetic reso-
nance imaging-defined, locally advanced rectal cancer: Grupo can-
cer de recto 3 study. J Clin Oncol. 2010;28:859–65.

15. Loos M, Quentmeier P, Schuster T, Nitsche U, Gertler R, Keerl A,
et al. Effect of preoperative radio(chemo)therapy on long-term
functional outcome in rectal cancer patients: a systematic review
and meta-analysis. Ann Surg Oncol. 2013;20:1816–28.

16. Matzel KE, Bittorf B, Gunther K, Stadelmaier U, Hohenberger W.
Rectal resection with low anastomosis: functional outcome.
Colorectal Dis. 2003;5:458–64.

17. Bujko K, Nowacki MP, Nasierowska-Guttmejer A, Michalski W,
Bebenek M, Kryj M. Long-term results of a randomized trial com-
paring preoperative short-course radiotherapy with preoperative
conventionally fractionated chemoradiation for rectal cancer. Br J
Surg. 2006;93:1215–23.

18. Peeters KC, van de Velde CJ, Leer JW, Martijn H, Junggeburt JM,
Kranenbarg EK, et al. Late side effects of short-course preoperative
radiotherapy combined with total mesorectal excision for rectal
cancer: increased bowel dysfunction in irradiated patients—a
Dutch Colorectal Cancer Group study. J Clin Oncol. 2005;23:
6199–206.

19. Ngan SY, Burmeister B, Fisher RJ, Solomon M, Goldstein D,
Joseph D, et al. Randomized trial of short-course radiotherapy ver-
sus long-course chemoradiation comparing rates of local recurrence
in patients with T3 rectal cancer: Trans-Tasman Radiation
Oncology Group trial 01.04. J Clin Oncol. 2012;30:3827–33.

20. Myerson RJ, TanB, Hunt S, Olsen J, BirnbaumE, Fleshman J, et al.
Five fractions of radiation therapy followed by 4 cycles of
FOLFOX chemotherapy as preoperative treatment for rectal cancer.
Int J Radiat Oncol Biol Phys. 2014;88:829–36.

21. Gunderson LL, Sargent DJ, Tepper JE, Wolmark N, O’Connell MJ,
Begovic M, et al. Impact of Tand N stage and treatment on survival
and relapse in adjuvant rectal cancer: a pooled analysis. J Clin
Oncol. 2004;22:1785–96.

22.• Schrag D, Weiser MR, Goodman KA, Gonen M, Hollywood E,
Cercek A, et al. Neoadjuvant chemotherapy without routine use
of radiation therapy for patients with locally advanced rectal cancer:
a pilot trial. J Clin Oncol. 2014;32:513–8. This pilot study dem-
onstrated the feasibility of using systemic chemotherapy to
downsize locally advanced rectal cancer prior to TME, leading
to the PROSPECT trial.

23. Weiser MR, Fichera A, Schrag D, Boughey JC, You YN. Progress
in the PROSPECT trial: precision treatment for rectal cancer? Bull
Am Coll Surg. 2015;100:51–2.

24. Brierley JD, Cummings BJ, Wong CS, Keane TJ, O’Sullivan B,
Catton CN, et al. Adenocarcinoma of the rectum treated by radical
external radiation therapy. Int J Radiat Oncol Biol Phys. 1995;31:
255–9.

25. Francois Y, Nemoz CJ, Baulieux J, Vignal J, Grandjean JP,
Partensky C, et al. Influence of the interval between preoperative
radiation therapy and surgery on downstaging and on the rate of
sphincter-sparing surgery for rectal cancer: the Lyon R90-01 ran-
domized trial. J Clin Oncol. 1999;17:2396.

26. Habr-Gama A, Perez RO, Proscurshim I, Nunes Dos Santos RM,
Kiss D, Gama-Rodrigues J, et al. Interval between surgery and
neoadjuvant chemoradiation therapy for distal rectal cancer: does
delayed surgery have an impact on outcome? Int J Radiat Oncol
Biol Phys. 2008;71:1181–8.

27. Foster JD, Jones EL, Falk S, Cooper EJ, Francis NK. Timing of
surgery after long-course neoadjuvant chemoradiotherapy for rectal
cancer: a systematic review of the literature. Dis Colon Rectum.
2013;56:921–30.

28. KaladyMF, de Campos-Lobato LF, Stocchi L, Geisler DP, Dietz D,
Lavery IC, et al. Predictive factors of pathologic complete response
after neoadjuvant chemoradiation for rectal cancer. Ann Surg.
2009;250:582–9.

29. Petrelli F, Sgroi G, Sarti E, Barni S. Increasing the interval between
neoadjuvant chemoradiotherapy and surgery in rectal cancer: a
meta-analysis of published studies. Ann Surg. 2016;263:458–64.

30. Probst CP, Becerra AZ, Aquina CT, Tejani MA, Wexner SD,
Garcia-Aguilar J, et al. Extended intervals after neoadjuvant thera-
py in locally advanced rectal cancer: the key to improved tumor

124 Curr Colorectal Cancer Rep (2017) 13:119–125



response and potential organ preservation. J Am Coll Surg.
2015;221:430–40.

31. Cotte E, Passot G, Decullier E, Maurice C, Glehen O, Francois Y,
et al. Pathologic response, when increased by longer interval, is a
marker but not the cause of good prognosis in rectal cancer: 17-year
follow-up of the Lyon R90-01 randomized trial. Int J Radiat Oncol
Biol Phys. 2016;94:544–53.

32. Kerr SF, Norton S, Glynne-Jones R. Delaying surgery after neoad-
juvant chemoradiotherapy for rectal cancer may reduce postopera-
tive morbidity without compromising prognosis. Br J Surg.
2008;95:1534–40.

33. Lefevre JH, Mineur L, Kotti S, Rullier E, Rouanet P, de
Chaisemartin C, et al. Effect of interval (7 or 11 weeks) between
neoadjuvant radiochemotherapy and surgery on complete patho-
logic response in rectal cancer: a multicenter, randomized, con-
trolled trial (GRECCAR-6). J Clin Oncol. 2016;34:3773–80.

34. Evans J, Bhoday J, Sizer B, Tekkis P, Swift R, Perez R, et al. Results
of a prospective randomised control 6 vs 12 trial: is greater tumour
downstaging observed on post treatment MRI if surgery is delayed
to 12-weeks versus 6-weeks after completion of neoadjuvant che-
moradiotherapy? Ann Oncol. 2016;27.

35.• Garcia-Aguilar J, Chow OS, Smith DD, Marcet JE, Cataldo PA,
Varma MG, et al. Effect of adding mFOLFOX6 after neoadjuvant
chemoradiation in locally advanced rectal cancer: a multicentre,
phase 2 trial. Lancet Oncol. 2015;16:957–66. A phase II trial
showing that increasing the interval between radiation and sur-
gery with the use of systemic chemotherapy significantly in-
creases the rate of pathological complete response.

36. Maas M, Nelemans PJ, Valentini V, Das P, Rodel C, Kuo LJ, et al.
Long-term outcome in patients with a pathological complete re-
sponse after chemoradiation for rectal cancer: a pooled analysis of
individual patient data. Lancet Oncol. 2010;11:835–44.

37.• Habr-Gama A, Perez RO, Proscurshim I, Campos FG, Nadalin W,
Kiss D, et al. Patterns of failure and survival for nonoperative treat-
ment of stage c0 distal rectal cancer following neoadjuvant chemo-
radiation therapy. J Gastrointest Surg. 2006;10:1319–28.
Discussion 28-9. Dr. Habr-Gama’s group in Brazil first de-
scribed routine use of the nonoperative approach for rectal
cancer.

38. Habr-Gama A, Sabbaga J, Gama-Rodrigues J, Sao Juliao GP,
Proscurshim I, Bailao Aguilar P, et al. Watch and wait approach
following extended neoadjuvant chemoradiation for distal rectal
cancer: are we getting closer to anal cancer management? Dis
Colon Rectum. 2013;56:1109–17.

39. Habr-Gama A, Perez RO, Sabbaga J, Nadalin W, Sao Juliao GP,
Gama-Rodrigues J. Increasing the rates of complete response to
neoadjuvant chemoradiotherapy for distal rectal cancer: results of
a prospective study using additional chemotherapy during the rest-
ing period. Dis Colon Rectum. 2009;52:1927–34.

40. Kuremsky JG, Tepper JE, McLeod HL. Biomarkers for response to
neoadjuvant chemoradiation for rectal cancer. Int J Radiat Oncol
Biol Phys. 2009;74:673–88.

41. Garcia-Aguilar J, Chen Z, Smith DD, Li W, Madoff RD, Cataldo P,
et al. Identification of a biomarker profile associated with resistance

to neoadjuvant chemoradiation therapy in rectal cancer. Ann Surg.
2011;254:486–92. Discussion 92-3.

42. Bengala C, Bettelli S, Bertolini F, Salvi S, Chiara S, Sonaglio C,
et al. Epidermal growth factor receptor gene copy number, K-ras
mutation and pathological response to preoperative cetuximab, 5-
FU and radiation therapy in locally advanced rectal cancer. Ann
Oncol. 2009;20:469–74.

43. Chow OS, Kuk D, Keskin M, Smith JJ, Camacho N, Pelossof R,
et al. KRAS and combined KRAS/TP53 mutations in locally ad-
vanced rectal cancer are independently associated with decreased
response to neoadjuvant therapy. Ann Surg Oncol. 2016;23:2548–
55.

44. Erben P, Strobel P, Horisberger K, Popa J, Bohn B, Hanfstein B,
et al. KRAS and BRAF mutations and PTEN expression do not
predict efficacy of cetuximab-based chemoradiotherapy in locally
advanced rectal cancer. Int J Radiat Oncol Biol Phys. 2011;81:
1032–8.

45. Gaedcke J, GradeM, JungK, SchirmerM, Jo P, Obermeyer C, et al.
KRAS and BRAF mutations in patients with rectal cancer treated
with preoperative chemoradiotherapy. Radiother Oncol. 2010;94:
76–81.

46. Clancy C, Burke JP, Coffey JC. KRAS mutation does not predict
the efficacy of neo-adjuvant chemoradiotherapy in rectal cancer: a
systematic review and meta-analysis. Surg Oncol. 2013;22:105–11.

47. Kandioler D, Zwrtek R, Ludwig C, Janschek E, Ploner M,
Hofbauer F, et al. TP53 genotype but not p53 immunohistochem-
ical result predicts response to preoperative short-term radiotherapy
in rectal cancer. Ann Surg. 2002;235:493–8.

48. Lopez-Crapez E, Bibeau F, Thezenas S, Ychou M, Simony-
Lafontaine J, Thirion A, et al. p53 status and response to radiother-
apy in rectal cancer: a prospective multilevel analysis. Br J Cancer.
2005;92:2114–21.

49. Cubillo A, Hernando-Requejo O, Garcia-Garcia E, Rodriguez-
Pascual J, De Vicente E, Morelli P, et al. A prospective pilot study
of target-guided personalized chemotherapy with intensity-
modulated radiotherapy in patients with early rectal cancer. Am J
Clin Oncol. 2014;37:117–21.

50. Ho-Pun-Cheung A, Assenat E, Thezenas S, Bibeau F, Rouanet P,
Azria D, et al. Cyclin D1 gene G870A polymorphism predicts
response to neoadjuvant radiotherapy and prognosis in rectal can-
cer. Int J Radiat Oncol Biol Phys. 2007;68:1094–101.

51. De Mattia E, Toffoli G. C677T and A1298C MTHFR polymor-
phisms, a challenge for antifolate and fluoropyrimidine-based ther-
apy personalisation. Eur J Cancer. 2009;45:1333–51.

52. Terrazzino S, Agostini M, Pucciarelli S, Pasetto LM, Friso ML,
Ambrosi A, et al. A haplotype of the methylenetetrahydrofolate
reductase gene predicts poor tumor response in rectal cancer pa-
tients receiving preoperative chemoradiation. Pharmacogenet
Genomics. 2006;16:817–24.

53. Cecchin E, Agostini M, Pucciarelli S, De Paoli A, Canzonieri V,
Sigon R, et al. Tumor response is predicted by patient genetic pro-
file in rectal cancer patients treated with neo-adjuvant chemo-radio-
therapy. Pharmacogenomics J. 2011;11:214–26.

Curr Colorectal Cancer Rep (2017) 13:119–125 125


	Personalizing Therapy for Locally Advanced Rectal Cancer
	Abstract
	Introduction
	Historical Perspective
	Neoadjuvant Chemotherapy
	Addition of Systemic Chemotherapy
	Radiation Therapy
	Patient Stratification
	Timing of TME
	Nonoperative Management
	Biomarkers
	Conclusion
	References




