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Even in patients undergoing an optimal surgical technique (e.g., total mesorectal excision), radiotherapy provides a signif-
icant benefit in the local control of rectal cancer. Compared with postoperative treatment, chemoradiotherapy given pre-
operatively has been shown to decrease local recurrence rates and toxicity. Additionally, preoperative chemoradiotherapy 
permits the early identification of tumor responses to this cytotoxic treatment by surgical pathology. Pathological param-
eters reflecting the tumor response to chemoradiotherapy have been shown to be surrogate markers for long-term clinical 
outcomes. Post-chemoradiotherapy downstaging from cStage II-III to ypStage 0-I indicates a favorable prognosis, with no 
difference between ypStage 0 and ypStage I. Research is ongoing to develop useful tools (clinical, molecular, and radiolog-
ical) for clinical determination of the pathologic chemoradiotherapeutic response before surgery, and possibly even before 
preoperative treatment. In the future, risk-adapted strategies, including intensification of preoperative therapy, conserva-
tive surgery, or the selective administration of postoperative chemotherapy, will be realized for locally-advanced rectal 
cancer patients based on their response to preoperative chemoradiotherapy. 
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tients. Locally recurrent disease is usually incurable and causes 
profound morbidity, suffering, and death. Subsequent adjuvant 
randomized trials evaluated different combinations of radiation 
therapy (RT) and 5-fluorouracil-based chemotherapy. These stud-
ies showed that postoperative chemoradiotherapy (CRT) improved 
survival and local control relative to surgery alone, leading to the 
standard implementation of these therapies for locally-advanced 
rectal cancer (LARC) by the 1990s [2, 3].

Because of the potential benefits associated with preoperative 
therapy, interest has evolved in adopting this approach in rectal 
cancer patients. A randomized trial from Europe proved that by 
simply altering the sequence of CRT, improved rates of local con-
trol, treatment compliance, and acute and late toxicity could be 
achieved, leading to a new paradigm of care [4]. Parallel to this par-
adigm shift in treatment sequence, diverse CRT responses among 
patients can be identified earlier in surgical specimens whereas 
these responses could only have been identified after long-term 
follow-up when CRT was provided postoperatively. Accordingly, 
several questions have newly emerged regarding these diverse 
pathologic CRT responses: Can a good pathologic CRT response 
be an early indicator of good prognosis? How can we define the 
criteria for a good pathologic CRT response? Can we predict a good 

INTRODUCTION

In contrast to colon cancer, several features make the successful 
management of rectal cancer clinically challenging. The absence 
of a serosal barrier permits early tumor extension into the perirec-
tal tissues. The rectum also lies close to vital, and sometimes unre-
sectable, pelvic structures (e.g., the bladder, ureters, iliac vessels, 
and the sacrum). The compact nature of the mesorectum within 
the confines of the pelvis complicates the adequate removal of all 
mesenteric nodes at risk for metastatic disease [1]. Due to these 
specific characteristics of rectal cancer, surgery alone has been as-
sociated historically with local recurrence in up to one in four pa-
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pathologic CRT response before surgery or before preoperative 
CRT? Following preoperative CRT, is less invasive or less radical 
surgery feasible for patients with a good CRT response? Herein, 
we review these questions that are confronted in the preoperative 
CRT approach for patients with LARC.

PREOPERATIVE CRT

Preoperative RT has been shown to significantly decrease the local 
recurrence rate and improve survival, provided that a biologically 
equivalent dose of at least 30 Gy is administered [5]. The potential 
advantages of preoperative over postoperative RT include enhanced 
effectiveness in well-oxygenated tissue, a damaging effect on cells 
that may be spread locally or distantly at the time of resection, 
downstaging of advanced tumors, and better treatment compli-
ance [6]. This theoretical superiority of the preoperative approach 
over postoperative adjuvant therapy has been confirmed in the 
German rectal cancer trial (CAO/ARO/AIO 94 trial) [4]. This trial 
randomly assigned more than 800 patients with cT3-4 or cN+ 
rectal cancer to two different CRT sequence strategies. Compared 
with postoperative therapy, patients who received preoperative 
therapy had a significantly lower incidences of local recurrence 
(15% vs. 6%, P = 0.006), acute toxicity (40% vs. 27%, P = 0.001) 
and chronic toxicity (24% vs. 14%, P = 0.012), a higher incidence 
of sphincter preservation (20% vs. 39%, P = 0.005), and no differ-
ence in 5-year overall survival (OS; 76% vs. 74%). The CAO/ARO/ 
AIO 94 trial remains the definitive trial in CRT for rectal cancer.

Although the results must be interpreted cautiously due to the 
trial’s limitations, other studies comparing the two different CRT 
sequences have reported improved disease-free survival (DFS) with 
no difference in local control [7, 8]. The National Surgical Adju-
vant Breast and Bowel Project R-03 study [7] had limitations re-
garding premature closure of the trial due to insufficient accrual 
and used different chemotherapy regimens and surgical techniques 
compared with the CAO/ARO/AIO 94 trial. However, patients 
with LARC who received preoperative therapy showed a signifi-
cant improvement in 5-year DFS compared with those who received 
postoperative therapy (65% vs. 53%, P = 0.011). Local recurrence 
rates did not differ (11%) between the preoperative and the post-
operative approaches. Similar outcomes were reported by Yeo et 
al. [8], although their study was also limited by its retrospective 
nature. They analyzed 487 patients with cT3 mid or distal rectal 
cancer who had received preoperative or postoperative CRT. The 
5-year local-recurrence-free survival rate was not different, 95.3% 
and 92.1% in the preoperative and the postoperative CRT groups, 
respectively (P = 0.402); however, the 5-year DFS rate of 78.8% in 
the preoperative CRT group was significantly better than that of 
63.0% in the postoperative CRT group (P = 0.002).

During the same period, similar to improvements in adjuvant 
treatments, improvements in surgical techniques have dramatically 
lowered the incidence of local recurrence in rectal cancer. Careful 
pathological studies have clearly demonstrated that the major cause 

of local recurrence is the persistence of tumor foci within the me-
sorectum [9]. Intact removal of the entire mesorectum (total me-
sorectal excision, TME) in cancers of the mid or lower third of the 
rectum was pioneered by Heald et al. [10] and has resulted in lo-
cal recurrence rates lower than 5-10%.

However, the effect of preoperative RT on the local recurrence 
rate was consistent even when the optimal surgical technique (TME) 
was implemented. This was demonstrated by the results of a Dutch 
rectal cancer trial that randomized 1,861 rectal cancer patients to 
undergo either RT followed by TME or TME alone in the setting 
of a national surgical training program [11]. Compared with TME 
alone, a short-course (5 Gy × 5 fractions) of RT followed by TME 
within a week resulted in a significantly lower local recurrence rate, 
although no improvement in OS was noted. The 10-year cumula-
tive incidence of local recurrence was 5% in the group assigned to 
RT and surgery and 11% in the surgery-alone group (P < 0.0001); 
i.e., preoperative RT reduced the 10-year local recurrence by more 
than 50% relative to surgery alone [11]. A similar benefit in local 
control with preoperative RT combined with TME was shown by 
a Medical Research Council trial, which evaluated routine preop-
erative short-course RT versus selected (restricted to patients with 
involvement of the circumferential resection margin) postopera-
tive CRT [12]. 

The trials from the European Organization for Research and 
Treatment of Cancer and Fédération Francophone de la Cancérol-
ogie Digestive have supported the results of previous trials, find-
ing that improved pathologic complete response rates and local 
control can be achieved with the addition of chemotherapy to 
(long-course) RT, although the survival impact of concurrent che-
motherapy in a preoperative approach remains uncertain [13, 14].

PROGNOSTIC SIGNIFICANCE OF  
A PATHOLOGIC CRT RESPONSE

In the postoperative CRT era, tumor response to CRT could be 
determined after long-term follow-up; however, if preoperative 
CRT is employed, tumor response can be assessed much earlier in 
the surgical specimen. For most patients, preoperative CRT results 
in clinically meaningful tumor regression, but the degree of response 
varies among patients: some show almost no response whereas 
others exhibit a pathologic complete response (ypCR). The ypCR 
with absence of viable tumor cells in the surgical specimen occurs 
in approximately 10-30% of LARC patients. Although some stud-
ies have reported no improvement in outcomes for patients with 
ypCR [15], many have suggested that ypCR is associated with a 
favorable outcome regarding local control, distant recurrence, DFS, 
and OS [16-18]. One explanation for the good prognosis after ypCR 
is that ypCR is indicative of a prognostically favorable biological 
tumor profile, with lower propensity for local recurrence and dis-
tant metastases and better survival than for patients showing a lesser 
response.

The Korean Radiation Oncology Group (KROG 09-01) collected 
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clinical data for 333 LARC patients with ypT0Nany following pre-
operative CRT and curative radical resections between 1993 and 
2007 [17]. After a median follow-up of 43 months, the 5-year DFS 
was 84.6% and OS was 92.8%. Excluding 29 patients (8.7%) with 
ypT0N+ disease, the 5-year DFS and OS were 88.5% and 94.8%, 
respectively, in 304 ypT0N0 patients. Similarly, an Italian group 
reported the prognostic value of ypCR in a study of 566 ypT0N0 
patients from 36 centers [16]. After a median follow-up of 46 
months, pelvic relapse and distant metastasis occurred in 1.6% 
and 8.9%, respectively. The 5-year DFS, OS, and cancer-specific 
survival rates were 85%, 90%, and 94%, respectively. These studies 
showed that LARC patients achieving ypT0N0 status after preop-
erative CRT had favorable long-term outcomes.

Favorable outcomes for ypCR patients were evident when com-
pared with a control group with residual disease. Maas et al. [18] 
performed a pooled analysis of individual patient data from sev-
eral study centers, and 484 (15.6%) of 3,105 patients showed ypCR. 
The median follow-up for all patients was 48 months, and the 5- 
year crude DFS was 83.3% for patients with ypCR and 65.6% for 
those without ypCR (P < 0.0001). The adjusted hazard ratio for 
ypCR for failure was 0.54 (95% confidence interval, 0.40-0.73), 
indicating that patients with ypCR had a significantly increased 
probability of DFS. The effect of ypCR on long-term outcome was 
not affected or modified by clinical T or N category, administra-
tion of postoperative chemotherapy, distance from the anal verge, 
or type of surgery. 

CRITERIA FOR GOOD RESPONSE

The data indicate that pathologically assessed tumor response to 
preoperative therapy can be a short-term treatment response in-
dicator and a surrogate marker of long-term outcome. Accordingly, 
novel preoperative treatments may be compared with benchmarks 
of response-stratified outcomes. Knowledge of such benchmarks 
may also be useful for clinicians to develop subsequent treatments 
allowing risk-adapted strategies. However, some discussion is nec-
essary regarding the criteria of benchmarks, namely, good patho-
logic response: Does ypCR include complete response in the pri-
mary tumor only (ypT0Nany) or should it be restricted to ypT0N0? 
Is there a prognostic difference between ypCR and minimal resid-
ual disease?

The ypN status in LARC patients receiving preoperative CRT 
demonstrated major prognostic importance. Among the four fac-
tors (ypT, ypN, ypStage, and Dworak’s tumor regression grade 
[TRG]), which were found to be significant predictors of DFS in a 
multivariate analysis, ypN status was the most discriminatory fac-
tor predicting DFS, followed by ypStage, ypT, and finally TRG [19]. 
Another study similarly reported that the ypN classification was the 
most significant factor independently predicting the OS of LARC 
patients [20]. The equally important prognostic significance of ypN 
status was also found in selected patients with ypT0 status. In the 
KROG 09-01 study [17], ypN status was ypT0N0 in 304 patients 

(91.3%), ypT0N1 in 22 patients (6.6%), and ypT0N2 in 7 patients 
(2.1%). A patient’s ypN status was revealed to be the most relevant 
independent prognostic factor for both DFS and OS in 333 ypT0 
patients: 5-year DFS rates were 88.5%, 51.9%, and 21.4%, and the 
5-year OS rates were 94.8%, 76.2%, and 64.3% in ypT0N0, ypT0N1, 
and ypT0N2 patients, respectively (P < 0.001 for both). ypT0N+ 
patients constitute a very small proportion of the ypT0 group; thus, 
they may not change to any great degree the favorable outcomes 
of ypT0Nany patients. However, patients with ypT0N+ disease 
were in a separate group with a distinctly unfavorable prognosis, 
so the criteria of good pathologic response need to be restricted to 
ypT0N0 status [21]. 

When the most important prognostic factor in LARC receiv- 
ing preoperative CRT, the ypN status, is the same as the ypN0  
status, minimal residual disease in the primary tumor (ypT1-2N0) 
may not confer a significantly different prognosis compared with 
ypT0N0 status. Moon et al. [22] showed that patients with ypT0N0, 
ypT1N0, and ypT2N0 cancers demonstrated no significant differ-
ence in 5-year OS (ypT0N0, 96.5%; ypT1N0, 95.7%; ypT2N0, 
92.4%; P = 0.497) or 5-year DFS (ypT0N0, 90.2%; ypT1N0, 100%; 
ypT2N0, 89.3%; P = 0.205). In terms of ypStage, the 5-year OS (yp-
Stage 0, 96.5%; ypStage I, 92.9%; P = 0.346) and 5-year DFS (yp-
Stage 0, 90.2%; ypStage I, 90.7%; P = 0.879) were no better in pa-
tients with ypStage 0 tumors than in those with ypStage I tumors. 
The authors insisted that a suitable endpoint representing a good 
pathologic CRT response would be a grouping that combines yp-
Stage 0 and ypStage I (ypT0-2N0M0). 

In a stage-to-stage (ypStage vs. pStage) comparative analysis that 
demonstrated better DFS after preoperative CRT compared with 
postoperative CRT for cT3 rectal cancer patients [8], preoperative 
CRT yielded a downstaging to ypStage 0-I in 155 patients (42.6%), 
and this downstaged group showed a significantly improved DFS 
compared not only with ypStage II but also with pStage II patients 
with postoperative CRT. Post-CRT ypStage 0-I patients revealed 
outcomes that were nearly identical to the historical results for 
pStage I rectal cancer without postoperative treatment. The yp-
Stages II and III, in which patients with and without CRT responses 
in the primary tumor and/or mesorectal lymph nodes were com-
bined, demonstrated DFSs that were similar to those for pStages 
II and III, respectively. Thus, the existence of ypStage 0-I patients 
was suggested to be the cause of the improved DFS observed in 
the preoperative CRT group. 

PREDICTION OF GOOD RESPONSE

In contrast to postoperative treatments that can be modified based 
on pathologic CRT response information, markers predicting CRT 
response are necessary to implement risk-adapted strategies in 
preoperative treatment and surgery. More aggressive preoperative 
regimens may be considered in patients who are less likely to re-
spond to standard preoperative therapy. Conversely, sphincter-spar-
ing surgical procedures or tumor-localized resections may be an 



Journal of The Korean Society of

Coloproctology

www.coloproctol.org182

An Update on Preoperative Radiotherapy for Locally Advanced Rectal Cancer

Seung-Gu Yeo and Dae Yong Kim

alternative to standard radical surgery in selected patients who 
show excellent tumor regression after preoperative CRT (Fig. 1). 
This patient-tailored approach demands the availability of reliable 
information concerning biological tumor behavior, the expected 
response to treatment, or post-CRT disease status before surgery. 
Research is actively ongoing to identify useful tools for predicting 
pathologic CRT response.

Clinical factors
Carcinoembryonic antigen (CEA) has been shown to inhibit cell 
death by causing a loss of anchorage to the extracellular matrix 
[23]. Tumor cells containing a high density of CEA may resist ra-
diation-induced changes that occur using either a pro-apoptotic 
or pro-survival molecular pathway. Yoon et al. [24] investigated 
pre-CRT clinical parameters that could predict CRT response in 
LARC. Multivariate analysis revealed the following: predictors of 
T-level downstaging (ypT0-2) included pretreatment hemoglobin 
level, cN0 classification, and serum CEA level; predictors of tu-
mor regression (TRG 3-4) included cN0 classification and CEA 
level; and the predictor of complete regression was the CEA level. 
The authors suggested that the pre-CRT CEA level (≤5 ng/mL vs. 
>5 ng/mL) was the most important clinical predictor of patho-
logic tumor response. Furthermore, Park et al. [25] analyzed 
changes in the ratios of tumor response with increasing CEA lev-
els in LARC. The rates of good response (TRG 3-4) decreased sig-

nificantly as the pre-CRT CEA levels became more elevated (CEA, 
ng/mL: ≤3, 36.4%; 3-6, 23.6%; 6-9, 15.6%; >9, 7.8%; P < 0.001), 
revealing a linear inverse correlation between pre-CRT CEA lev-
els and tumor response. 

Hypoxia is associated with resistance to RT. Tumor oxygenation 
is affected by several factors, such as adequacy of blood supply, 
microcirculation, and the oxygen-carrying capacity of the blood, 
which is expressed as the hemoglobin level. Lee et al. [26] reported 
that tumor response rates in LARC were significantly different 
below and above a hemoglobin level of 9.0 g/dL. Favorable tumor 
response (TRG 3-4) was shown in 29% of patients with hemoglo-
bin levels ≥9.0 g/dL, but in no patient with a hemoglobin level 
<9.0 g/dL. Additionally, no difference was observed in tumor re-
sponse between the non-transfusion and the transfusion groups 
of patients with hemoglobin levels ≥9.0 g/dL. The authors sug-
gested that pre-CRT anemia is an indicator of poor response to 
preoperative CRT and that transfusion may improve its therapeu-
tic efficacy.

Molecular markers
Studies on molecular biomarkers for predicting the response to 
preoperative CRT in rectal cancer have focused on tumor suppres-
sor genes (p53, p21), apoptotic factors (Bcl-2, Bax), epidermal 
growth factor receptor, cyclooxygenase-2 (COX-2), and vascular 
endothelial growth factor, or on microarray gene expression anal-
ysis displaying complete genomic patterns [27]. Bax is a pro-apop-
totic protein, and its expression induces mitochondrial permea-
bility, which leads to release of cytochrome c and initiation of a 
signaling cascade promoting DNA degradation and cell death. Bax 
expression in rectal tumors was found to be significantly higher  
in the post-CRT complete response group than in the partial re-
sponse group (54% vs. 29%, P = 0.017) [28]. Overexpression of 
COX-2 in pretreatment rectal tumors was shown to be predictive 
of poor tumor regression after preoperative CRT, and a clinical trial 
of COX-2 inhibitors for patients with COX-2 overexpression was 
suggested to improve the response rate of preoperative CRT [29].

A single molecular marker approach has limitations in therapeu-
tic response prediction, and no single marker has yet been consis-
tently identified as clinically applicable in rectal cancer. By contrast, 
microarray gene expression analysis, which enables the display of 
complete genome patterns at one time, may be more promising. 
Kim et al. [30] obtained tumor tissues from 46 patients with rectal 
cancer (31 for training and 15 for validation testing). The 31 train-
ing samples comprised 20 partial CRT response and 11 complete 
CRT response cases. A primary set of 261 genes was identified as 
differentiating between partial and complete response. A gene set 
comprising the top-ranked 95 genes, displaying differential expres-
sion between partial and complete response, was applied to pre-
dict response to CRT. Complete response and partial response 
were accurately predicted in 84% (26/31) of the training samples 
and 87% (13/15) of the validation samples.

Prediction

Adjusted

Conventional

Prediction

Fig. 1. Schematic diagram of multimodality treatments for patients 
with locally advanced rectal cancer (LARC). Conventional treatments 
for LARC consisted of preoperative chemoradiotherapy (CRT), radi-
cal surgery, and postoperative chemotherapy (CT). When the patho-
logic CRT response reliably predicting long-term outcomes can be 
accurately determined before surgery or before CRT, then selected 
patients with good or poor CRT response may be recommended for 
less or more intensified treatments, respectively, rather than conven-
tional treatments. Pre-op, preoperative; Post-op, postoperative.
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Imaging
The variability in tumor-size changes after preoperative CRT may 
represent an aspect of biologic tumor heterogeneity that can yield 
important information for prognostic prediction in LARC patients. 
However, irregular tumor shape and non-uniform treatment-re-
lated shrinkage make it difficult to identify all subtle tumor-size 
changes induced by CRT using traditional methods, which mea-
sure two-dimensional (World Health Organization) or only one-
dimensional (Response Evaluation Criteria in Solid Tumors) 
maximal tumor diameters [31]. This challenge can be overcome 
by quantifying detailed changes in tumor volume using three-di-
mensional region-of-interest volumetry. Yeo et al. [32] measured 
tumor volume using three-dimensional region-of-interest volum-
etry based on magnetic resonance imaging (MRI) before and af-
ter preoperative CRT, but before surgery. They analyzed the cor-
relation between the tumor volume reduction rate (TVRR) and 
the pathologic tumor response in 405 LARC patients. The mean 
TVRR was 65.0% ± 22.3% for all patients. TVRRs according to 
ypT classification (ypT0-T2 vs. ypT3-T4), ypN classification (ypN0 
vs. ypN+), downstaging (ypStage 0-I vs. ypStage II-III), good re-
gression (TRG 3-4 vs. TRG 1-2), and complete regression (TRG 4 
vs. TRG 1-3) were all significantly different (P < 0.05). When the 
TVRR was categorized into three groups (<60%, 60-80%, and 
>80%), the rates of ypT0-T2, ypN0, downstaging, and good regres-
sion were all significantly greater for patients with TVRRs ≥60%, 
as was the complete regression rate for patients with TVRRs >80% 
(P < 0.05). In addition to its predictive value, this TVRR informa-
tion also showed statistical significance as an independent prog-
nostic factor for LARC patients [33]. Kang et al. [34] analyzed 84 
LARC patients after similarly measuring the TVRR and reported 
that TVRR >75% was significantly associated with increased ypCR 
rate, but that TVRR did not show a significant association with 
ypT or ypN down-classification and TRG. However, they used a 
different definition of ypT down-classification (ypT lower than 
cT) and a different TRG grading system (Mandard’s).

Conventional imaging modalities have inherent limitations in 
assessing the response to preoperative CRT for rectal cancer due 
to post-radiation edema, inflammation, and fibrosis [35]. Instead, 
functional imaging techniques depict the metabolic and the mi-
crostructural characteristics of the tumor and can provide a deeper 
insight into the tumor’s biological property. In rectal cancer, two 
imaging techniques show great promise for response prediction 
during and after preoperative treatment: namely, 18fluoro-deoxy 
glucose positron emission tomography-computed tomography 
(18F-FDG PET-CT) and diffusion-weighted MRI (DW-MRI). A 
significant reduction was noted in the standardized uptake value 
(SUV) on post-radiation PET of responders compared with non-
responders [36]. However, 18FDG-PET has some limitations, such 
as spatial resolution and difficulty in differentiating between tu-
mor and inflammation. Conversely, DW-MRI can differentiate 
persistent tumors from therapy-related inflammation or necrosis 
with a high specificity. Patients with a good response to treatment 

generally show a lower apparent diffusion coefficient (ADC) prior 
to treatment, with a higher change in ADC during and after CRT 
[37]. The hypothesis is that a low initial ADC value represents a 
more restrictive environment with less interstitial edema and ne-
crosis and a higher cellularity. Necrosis is generally associated with 
an acidic environment and a low oxygen concentration that influ-
ences the response to CRT. Lambrecht et al. [38] explored combin-
ing the above two imaging modalities for determining the proba-
bility of ypCR after preoperative CRT in LARC. The authors pos-
tulated the existence of a predictive algorithm for ypCR with a sen-
sitivity of 100% and a specificity of 94% by combining the optimal 
ΔSUV (max) thresholds during and after CRT or by combining 
the thresholds for the initial ADC value and the ΔSUV (max) dur-
ing CRT. However, before these complex imaging techniques and 
consequent analyses can be implemented in daily practice, con-
siderable effort towards standardization of protocols and analysis 
is necessary to ensure reproducibility of the results.

LOCAL EXCISION IN GOOD RESPONDERS

The mainstay of surgical therapy for LARC remains the low ante-
rior resection or the abdominoperineal resection. Unfortunately, 
significant morbidity risks are associated with a radical resection, 
including frequent defecation, voiding problems, and sexual dys-
function. Furthermore, the lifestyle and the body image of patients 
who undergo an abdominoperineal resection are profoundly al-
tered [1, 39]. Patients who either refuse abdominoperineal resec-
tion to preserve the anal sphincter or have pre-existing medical 
co-morbidities have led some physicians to advocate for local ex-
cision in selected rectal cancer cases. However, local excision does 
not surgically address the lymphatic tissue at risk within the me-
sorectum. Thus, tumors at high risk for lymphatic spread or clini-
cally obvious nodal involvement would not be readily amenable to 
this approach. For this reason, indications for local excision have 
been highly restricted to tumors without factors associated with 
mesorectal lymph node metastasis, such as cT2-3, high grade, 
lymphovascular/perineural invasion, >3-4 cm in size, or >40% of 
the rectal wall circumference [1].

Significant tumor regression (downsizing and downstaging) fol-
lowing preoperative CRT may lead to the use of local excision as 
an alternative treatment option even in patients with the above risk 
factors. The key rationale for this approach is the correlation be-
tween radiosensitivity and the inherited low aggressiveness of rec-
tal cancer, and the correlation between the radiosensitivity of the 
primary tumor and that of the mesorectal nodal disease [40]. Read 
et al. [41] analyzed 644 patients with rectal cancer receiving pre-
operative RT/CRT and a proctectomy. The ypN+ rate was 2% in 
ypT0, 4% in ypT1, 23% in ypT2, 47% in ypT3, and 48% in ypT4 
patients. The authors suggested that it was reasonable to select 
ypT0-1 for local excision and to reserve a proctectomy for patients 
who demonstrated residual ypT2-4 disease. Kim et al. [42] re-
ported that ypT classification was the most reliable predictor of 



Journal of The Korean Society of

Coloproctology

www.coloproctol.org184

An Update on Preoperative Radiotherapy for Locally Advanced Rectal Cancer

Seung-Gu Yeo and Dae Yong Kim

ypN status in a multivariate analysis including 282 LARC patients. 
The ypN+ rate was 3.4% in ypT0-1, 16.9% in ypT2, and 49.3% in 
ypT3 patients. 

A prospective randomized study was undertaken to compare 
the oncologic results for local excision via transanal endoscopic 
microsurgery and those for laparoscopic TME in the treatment of 
cT2N0 rectal cancer following preoperative CRT [43]. Seventy 
patients were enrolled, and after a median follow-up of 84 months, 
both treatment groups demonstrated similar results in terms of 
local recurrences, distant metastases, and probability of survival. 
Yeo et al. [44] reported the outcomes of 11 patients with cT3 distal 
rectal cancer who received a local excision following preoperative 
CRT between 2003 and 2008. Local excision was recommended 
for patients who met all of the following criteria: 1) refusal of radi-
cal surgery or no acceptance of anal ablation, 2) initial cT3 classifi-
cation, 3) clinically complete remission or minimal residual, and 
4) full recognition of risks for local excision. The ypT0 was observed 
in eight patients, ypT1 in two patients, and ypT2 in one patient. 
After a median follow-up of 59 months, the 5-year local-recurrence-
free survival, DFS, and OS rates were 90.9%, 81.8%, and 88.9%, 
respectively. No grade 3 or worse gastrointestinal toxicity was de-
tected. Immediate radical surgery was strongly recommended for 
a patient with ypT2, but he refused and died of distant metastasis. 
The authors suggest that full-thickness local excision following 
CRT may be an acceptable option for cT3 distal rectal cancer that 
responds well to CRT. The M. D. Anderson Cancer Center per-
formed a retrospective review of patients who underwent preop-
erative CRT followed by surgery for cT3 rectal cancer [45]. Forty-
seven patients underwent local excision, and 473 patients under-
went TME. Twenty-three (49%) local excision patients had a com-
plete response to CRT, 17 (36%) had microscopic residual disease, 
and 7 (15%) had gross residual disease, compared with 108 (23%), 
89 (19%), and 276 (58%) TME patients, respectively. No significant 
difference was noted between the 10-year actuarial local recurrence 
rate for the local excision group versus the TME group (10.6% and 
7.6%, respectively; P = 0.52). The DFS, disease-specific survival, 
or OS rates also did not differ between the two groups. This study 
indicated that, in selected patients with cT3 rectal cancer who dem-
onstrated an excellent response to preoperative CRT, full-thick-
ness local excision offered outcomes comparable to those achieved 
with TME.

However, before the option of surgical conservation can be of-
fered safely to patients receiving preoperative CRT, a randomized 
study designed specifically to assess the non-inferiority of the con-
servative approach using local recurrence and OS as the primary 
endpoints, as well as innovative methods for accurately evaluating 
post-CRT remnant disease before surgery, are required. Mean-
while, local excision after preoperative CRT is likely to remain a 
second-choice therapeutic option for LARC patients who are el-
derly and frail and who are unfit to undergo conventional radical 
surgery.

NEW RT METHODS

The preoperative RT scheme (long-course) for LARC usually uses 
three-dimensional conformal techniques delivering 45 Gy to the 
tumor and pelvic lymphatics, followed by additional irradiation to 
the gross tumor to a total dose of 50.4 Gy in 28 fractions over 5.5 
weeks. Concurrently, 5-fluorouracil-based chemotherapy is admin-
istered, followed by surgery at 4 to 8 weeks after the completion of 
CRT. Although various drugs (capecitabine, irinotecan, and oxali-
platin) and molecular targeted therapies (epidermal growth factor 
receptor inhibitors, vascular endothelial growth factor inhibitors) 
are being explored as single agents or in combination [46-48], the 
RT scheme has long been uniformly standardized. Nonetheless, 
some studies concerning innovative RT methods have been done 
to enhance the efficacy or to decrease the toxicity. Kim et al. [49] 
treated 38 LARC patients preoperatively with pelvic RT of 43.2 
Gy/24 fractions, and a boost treatment with 7.2 Gy/12 fractions 
was administered concomitantly during the latter half of pelvic 
RT. This modified RT fractionation was designed to shorten the 
treatment period and, thus, escalate the effective dose. However, 
this concomitant boost irradiation did not improve the clinical 
outcome compared with conventional preoperative regimens. In 
other studies, the intensity-modulated RT technique was investi-
gated in preoperative CRT for LARC patients and demonstrated 
effective reductions in the irradiated small bowel volume and the 
bowel toxicity [50, 51]. Compared with conventional RT techniques, 
intensity-modulated RT shows better coverage of the planning 
target volume and better sparing of organs at risk, and has been 
rapidly implemented for various tumor types [52]. Much remains 
to be explored in preoperative RT strategy for rectal cancer regard-
ing dose fractionation (short-course vs. long-course), treatment 
planning and delivery techniques, interaction with drugs, and 
molecular modulators of radiation resistance.

CONCLUSION

Preoperative RT has played a pivotal role in multimodality man-
agement for LARC patients. It provides significant benefit in local 
disease control even with optimal surgical techniques. 

Additionally, it permits early recognition of specific tumor biol-
ogy for each patient. Based on pathologic CRT response identi-
fied through surgical pathology, prognosis can be predicted; thus, 
subsequent postoperative treatment may be tailored. Furthermore, 
when this pathologic CRT response can be accurately determined 
before surgery, or even before initiation of CRT, risk-adjusted treat-
ments, such as CRT intensification or conservative surgery, can  
be recommended for selected patients (Fig. 1). Research on risk-
adapted strategies for treating LARC patients should be continued 
to improve tumor control and simultaneously to lower treatment 
toxicity.
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