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Introduction

In order to avoid the significant rates of postoperative 
morbidity and mortality, including long-term urinary 
and sexual dysfunction, fecal incontinence, low anterior 
resection syndrome and the need for a temporary or a 
definitive stoma, associated with radical resection in low 
rectal cancer, organ preservation strategies have been 
considered with increasing interest. 

Rectal cancers may develop significant tumor regression 
with tumor size reduction (downsizing), decrease in depth 
of tumor infiltration and even possible nodal clearance 
(downstaging) setting the “perfect” scenario for organ-
preservation strategies such as transanal excision of 
small and superficial residual tumors (1). In addition, the 
observation that nCRT may lead to a complete tumor-
cell death in the resected specimen [pathological complete 
response (pCR)] prompted surgeons to an attempt in the 
identification of these patients before surgical resection, 

known as complete clinical response (cCR) (2). These 
patients with complete tumor regression to nCRT would 
also constitute the ideal candidates to consider organ-
preservation strategies such as no immediate surgery and 
strict surveillance (also known as the “Watch & Wait” 
strategy—WW) (3). In order to even consider these 
approaches, colorectal surgeons have to consider several 
aspects of the assessment of the disease, patients and 
treatment modalities that may be quite relevant during their 
clinical decision-making process.

Neoadjuvant chemoradiation (nCRT): indications 
and options 

After the results of the German Trial, nCRT became the 
preferred approach for most cT3-4 or cN+ rectal cancers 
patients in an attempt to improve local disease control after 
radical surgery (4,5). The results of the Mercury study 
suggested that nCRT would preferably be restricted only 
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to patients with high-risk of local recurrence after TME, 
also referred to as the “ugly” tumors. High-risk features 
would include radiological evidence of a threatened or 
positive circumferential margin (cCRM+), presence of 
extramural venous invasion (cEMVI+) and ≥3 positive 
lymph nodes (cN2) (6). In addition, radical surgery in the 
setting of preoperative radiation has been associated with 
worse functional outcomes and increased surgical morbidity 
when compared to surgery alone (7,8). Altogether, these 
findings suggested that the sole benefit of nCRT would be 
to improve local disease control in high-risk rectal cancer 
patients. Since baseline staging may affect rates of response 
to nCRT, one could anticipate that not many patients with 
considerably advanced disease would develop cCR and 
benefit from nCRT in terms of organ-preservation. 

Instead, the idea of delivering nCRT with the intent 
of achieving a cCR and the possibility of avoiding 
radical surgery (particularly among patients otherwise 
candidates for abdominal-perineal resections or ultra-low 
intersphincteric anastomosis) with its related comorbidities 
led colorectal surgeons to consider nCRT to more early 
stage disease. Patients with cT2N0 or early cT3N0, 
potentially more likely to develop a complete clinical 
response following nCRT and could benefit the most from 
nCRT if organ-preservation is considered (9-11). 

Even though one could argue that initial tumor grade 
could represent a good marker or predictor of tumor 
response to nCRT, the presence of significant intratumoral 
heterogeneity has limited the use of this information into 
clinical practice. Performance of pre-treatment (or even 
post-treatment) biopsies or macro-biopsies to predict 
tumor response by assessing tumor differentiation is 
therefore usually not recommended. Individual fragments 
from a single rectal cancer have been shown to exhibit 
significant morphological/pathological differences, despite 
being spatially very close to each other. In addition, 
these individual fragments may share less the 1/3 of all 
genetic mutations. Ultimately, single fragments obtained 
by endoscopic biopsies or macro-biopsies are rarely 
representative of the entirety of the cancer and therefore 
are simply not reliable for treatment decision purposes (12).

Therefore, when nCRT is required for local disease 
control purposes after total mesorectal excision (TME), 
it should probably be restricted to patients with high-risk 
features (threatened-cCRM, cN2 or cEMVI+). However, 
if organ-preservation is an option, nCRT may be offered 
more liberally to high and low-risk distal rectal cancers 
(including stage I disease—mrT2N0M0) (13).

The type of neoadjuvant therapy may affect the chances 
of developing a complete clinical response and should be 
considered in the scenario of organ preservation strategies. 
Long-course CRT was the original strategy implemented 
to result in significant rates of complete response. However, 
short-course RT followed by longer interval periods 
showed similar rates of complete response than long-course 
regimen (14). In addition, the final dose of radiation therapy 
and the method of delivered may also influence the odds 
of developing a cCR. Dose-escalation has demonstrated 
progressive increase in CR rates with higher doses of RT 
delivered to the primary tumor (15). The combination of 
external beam or intensity modulated RT (EBRT or IMRT) 
with endorectal brachytherapy (HBRT) or even with 
Contact RT could play a role in maximizing the chances of 
developing complete clinical response and still avoid major 
treatment related toxicity (16-18). 

Alternative neoadjuvant strategies that could spare 
patients from the potential detrimental effects of radiation 
(with the same benefits) are highly warranted. Patients 
may develop worse functional outcomes after TME in 
the setting of previous exposure to RT (8). Even patients 
that develop a cCR and avoid radical surgery may not 
have perfect function (19,20). In this setting, the use of 
chemotherapy alone is an attractive option and has been 
used to restrict standard CRT to patients showing poor 
response to chemotherapy alone and therefore decreasing 
the number of patients receiving RT (21).

Finally, the incorporation of additional chemotherapy 
cycles in standard nCRT has been suggested. The 
incorporation of additional chemotherapy during the 
interval between RT completion and assessment of 
response using 5FU-based chemotherapy (consolidation 
CRT regimens) demonstrated an increase of CR rates 
to more than half of consecutive patients with T2/T3 
rectal cancer (22,23). Although the observation that 
chemotherapy may have an important role in tumor 
regression, the incorporation of additional drugs to 5FU 
has been disappointing.  The addition of oxaliplatin did not 
improve pCR rates in most studies. Instead, it resulted in 
significantly higher toxicity rates. Also, the incorporation 
of biological agents including anti-EGFR or anti-VEGF 
have been tested in the neoadjuvant setting of patients with 
rectal cancer. Even though these agents have demonstrated 
good safety profiles, their real benefits in terms of tumor 
regression have been even more disappointing with pCR 
rates even lower than usually observed with standard CRT 
regimens (24-26).
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Assessing tumor response to nCRT

When considering patients for organ-preserving strategy, 
assessment of tumor response to nCRT is crucial. However, 
two issues remain controversial: the optimal timing for 
assessment and clinical/radiological tools for this purpose.

Assessment of tumor response is also highly recommended 
in patients with an incomplete tumor response. Even if the 
patient is not being considered for an organ-preserving 
strategy, significant changes in tumor and surrounding 
anatomy may be anticipated. Knowing potential anatomical 
changes between pre and post-treatment status ahead of time 
may aid in optimization of intraoperative surgical strategies 
and anticipate surgical challenges during the procedure (27). 
Therefore, the reassessment of tumor response should be 
preferably routinely performed.

Intervals after nCRT

Tumor-regression after nCRT may be time-dependent. The 
influence of distinct intervals on the response to nCRT was 
considered firstly by the French study comparing 2 versus  
6 weeks from CRT. Patients underwent radical surgery after 
being randomly allocated to one of these two time intervals. 
Patients in the 6-week interval group presented significantly 
more tumor regression after nCRT (28). Following this 
contribution, 6-week interval from nCRT completion 
became the standard of care for many years in assessment of 
tumor response and final surgical management. However, 
retrospective data suggested that longer intervals, as long 
as 12 weeks from treatment completion, were more likely 
to develop pCR (29). On one hand, these considerably 
longer intervals could increase response to CRT. On the 
other hand, they could lead tissue fibrosis and increased 
technical difficulties and postoperative morbidity after 
radical surgery. A prospective, non-randomized study 
evaluated patients in nCRT regimens with progressively 
longer interval periods prior to surgical resection (30). 
While the first group of patients underwent surgery after 
a 6-week interval, the following three groups underwent 
surgery after longer intervals of 12, 16 and even 20 weeks, 
with additional chemotherapy cycles during the longer 
intervals (mFOLFOX) (31). The study showed that longer 
intervals were associated with significantly higher rates of 
pCR. In addition, the study suggested that longer intervals 
time did not have a negative effect on overall postoperative 
complications or surgical technical difficulty. Finally, 
another recently published randomized study showed 

different conclusions. In the GRECCAR-6 trial, the authors 
did not find differences in pCR rates between patients 
undergoing 7- or 11-week intervals. Moreover, the trial 
observed that more postoperative complications and worse 
quality of the mesorectum were associated with the 11-week 
interval group, suggesting the potentially negative effects 
of prolonged time-intervals after nCRT associated with 
fibrotic changes in the surgical and previously irradiated 
fields (32). 

The optimal interval after nCRT remains undetermined, 
and additional ongoing trials will provide more data to allow 
us to understand the benefits and risks of waiting extended 
intervals after treatment. It is possible that individual tumors 
respond differently to nCRT as a function of time. In this 
setting, responsive tumors may require and benefit from 
extended intervals, whereas unresponsive tumors may not (33).

Studies for the assessment of response

Clinical & endoscopic findings 

Clinical assessment remains as a critical part in the 
evaluation of tumor response to treatment. Even in the 
absence of clinical symptoms after nCRT, digital rectal 
examination (DRE) may be able to detect subtle residual 
irregularities within the rectal wall, residual masses, 
ulceration or even stenosis. During DRE, the surface 
needs to be as much as regular and smooth with only mild 
induration and subtle loss in the pliability of the rectal wall 
being acceptable findings consistent with a cCR (2).

Any irregularity or superficial ulcer missed during DRE 
and detected during endoscopic evaluation should raise 
the suspicion of an incomplete clinical response. Instead, 
a flat white scar and telangiectasia are typical findings 
encountered during endoscopic assessment of patients with 
a cCR (Figure 1).

In the context of a cCR (during clinical and endoscopic 
assessment), endoscopic biopsies to confirm absence of 
residual tumor are not necessarily required. This means that 
in the absence of residual ulceration, mass, stenosis, there 
is no need for a negative biopsy to classify these patients as 
a complete clinical response. In contrast, in the presence of 
an incomplete clinical response, the results of endoscopic 
biopsies should be interpreted with caution. In patients 
with residual ulceration, mass or stenosis, a POSITIVE 
endoscopic biopsy is usually diagnostic of residual cancer. A 
NEGATIVE biopsy in such patients (with INCOMPLETE 
clinical response) is rarely associated with no residual cancer. 
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Most of these patients will have residual viable cancer in 
nearly 80% of the cases despite the presence of negative 
endoscopic biopsies (34) (Figure 2). An interesting study 
has revealed that after nCRT, the mucosa is the layer of the 
rectal wall less likely to harbor residual cancer cells (35).  
Therefore, the presence of a negative biopsy should not be 
interpreted as a complete clinical response or as a marker of 
a complete pathological response.

Radiological assessment

Radiological studies should also be routinely performed. 
High-resolution magnetic resonance (MR) is considered as 
the method of choice for the assessment of tumor response. 
Discriminating between fibrotic changes and viable residual 
disease has improved with current imaging modalities, 

placing MR as an integral part in the assessment of 
response to nCRT (36). Typical findings of complete tumor 
regression include the presence of low-signal intensity 
areas in the area previously harboring the rectal cancer with 
multiple patterns (36) (Figures 3,4). MR may accurately 
estimate of the pathological tumor regression grade (TRG) 
by providing similar mrTRG grades. This scoring system 

Figure 1 Typical endoscopic findings of a cCR with whitening of 
the mucosa and the presence of telangiectasias. No ulceration or 
evident mass is present. cCR, complete clinical response.

Figure 2 Endoscopic findings consistent with incomplete clinical 
response including the presence of an obvious ulcer and significant 
amount of fibrin covering it.

Figure 3 Radiological assessment of tumor response with high-
resolution magnetic resonance showing findings of complete 
response with the presence of low-signal intensity signal in the area 
harboring the original tumor (yellow strike).

Figure 4 Radiological findings consistent with incomplete 
response in magnetic resonance indicated by the presence of a 
mixed signal intensity area (yellow contour).
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may identify patients with poor or good response prior 
to definitive surgical treatment and with a significant 
correlation between response and survival (27,37).

Diffusion-weighted magnetic resonance imaging (DWI-
MR) has been suggested to provide additional information 
to standard MR imaging. The properties of water molecule 
diffusion may be distinct within areas of high cellularity 
(common within areas of residual tumor) or fibrotic 
scarring, and could represent an additional tool to assess 
tumor response to nCRT (38,39).

PET/CT imaging may also provide addit ional 
information to standard radiological features by providing 
an estimate of tumor metabolism. The variation in mean 
standard uptake values (SUV) and metabolic tumor volume 
reduction between pre and post-treatment scans may 
provide one of the best predictors of a complete tumor 
regression among patients with rectal cancer (40) in the 
setting of nCRT.

Finally, the combination of multiple studies may increase 
the accuracy in the detection of complete tumor response to 
nCRT (41).

Excisional biopsies or transanal full-thickness 
local excisions  (FTLEs)

Excisional biopsies with the use of currently available 
transanal endoscopic microsurgical platforms (TEMs) 
have been considered an attractive tool for the assessment 
of primary tumor response to nCRT (42). Definitive 
information on pathological response including final 
ypT status, TRG, lymphovascular/perineural invasion 
and resection margins may aid in the decision regarding 
the need for additional TME. On the other hand, it 
could provide an objective pathological confirmation 
of pCR in the primary tumor (ypT0) and obviate the 
need for additional TME. However, these attractive 
advantages should be balanced against by several potential 
disadvantages. First, primary healing of the scars created 
by local excision after nCRT may be quite difficult and 
lead to significant anal symptoms. In the setting of a 
dehiscence, these defects may only completely close after 
8 weeks from primary resection. Although, Grade III or 
IV postoperative complications are not usually seen, pain 
may be quite significant requiring frequent readmission 
to the hospital (43). In addition, the significant scarring 
following delayed healing may result in equivocal clinical 
and radiological follow-up findings leading to significant 
challenges in distinguishing postoperative fibrosis or 

local recurrences (44). Also, anorectal function may be 
significantly compromised after a FTLE. When patients 
with cCR managed by WW were compared to patients with 
“near-complete” response managed by FTLE following 
nCRT, functional outcomes were significantly better among 
patients managed non-operatively (45). In this setting, even 
though organ preservation has been achieved with FTLE, 
anorectal function may be far from normal in these patients.

Even if patients are found to have incomplete pathological 
response, FTLE may significant disadvantages. Patients that 
required additional TME after FTLE (due to the presence 
of unfavorable pathological features) frequently required 
an APR, despite the fact that some of these patients were 
originally candidates for a restorative procedure (46,47). 
In addition, completion of TME in this setting frequently 
resulted in a less than perfect mesorectal specimen. A recent 
review of patients undergoing completion TME indicated 
that previous TEM was a risk factor for poor quality of 
the TME specimen (48). Finally, function of patients that 
required FTLE followed by TME was significantly worse 
than those that required TME alone (32).

Complete clinical response: Watch & Wait strategy

All patients with a cCR after nCRT that are considered for 
a non-operative management require a relatively intense 
surveillance. The importance to adhere to this strict follow-
up program is to allow early recognition of any local or 
systemic recurrence and therefore, increase the chances 
of successful salvage. Visits have been recommended with 
1–2-month intervals in the first, 3-month intervals for 
the second year and 6-month for the remaining years of 
follow-up. Complete clinical and endoscopic assessments 
are recommended in all visits. Even though not yet 
standardized, radiological assessment of response has been 
performed at least every 6 months for the first 2 years and 
yearly thereafter in our practice (49). PET/CT imaging has 
been reserved for equivocal cases.

Outcomes

Patients undergoing the WW strategy after a cCR following 
nCRT were compared to patients managed by radical 
surgery in the presence of a pCR. Both groups had similar 
long-term oncological outcomes with no apparent benefit 
of radical surgery in this setting (3). Similar oncological 
outcomes between these subgroups of patients were further 
supported by additional retrospective studies (50,51). 
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Local recurrences after WW are worrisome and have 
been considered a significant limitation in widespread 
implementation of such strategy. However, it has been 
suggested that the majority of local recurrences appears 
during the first 12 months of follow-up and that the 
vast majority of these local recurrence (nearly 90%) are 
usually with an endoluminal component. This means that 
a strict follow-up and simple clinical assessment will be 
able to detect the majority of these local recurrences and 
allow salvage treatment with excellent long-term local 
disease control (52,53). Patients with more advanced cT 
stage at baseline staging appear to be at greater risk for 
local recurrence after initial cCR and should be carefully 
monitored 11. Ultimately, the pooled local recurrence 
rate including all published series analyzed in a systematic 
review suggested to be around 16–22% (50,51).

Systemic recurrences may also develop after non-operative 
management of patients that achieve a cCR. One series 
reported 14% systemic recurrence rates after no adjuvant 
systemic chemotherapy following standard nCRT and 
cCR managed non-operatively (51). These rates compare 
favorably with the 11% systemic recurrence rate after radical 
surgery in patients with pCR with nearly 40% of patients 
undergoing adjuvant systemic chemotherapy (54). 

Perspectives

With the use of nCRT specifically aimed to provide 
organ-preservation for selected patients (including early 
stage disease), accurate prediction of tumor response with 
molecular biology studies will become increasingly relevant. 
Identification of good responders would allow better 
selection of candidates for organ-preservation strategies 
and avoidance of potentially unnecessary treatment to 
poor responders (13,55). However, the significant inter 
and intratumoral heterogeneity observed in rectal cancer 
may have contributed for the lack of clinically useful 
gene expression signatures in predicting tumor response 
(12,55,56). Considering this intratumoral heterogeneity 
within a single rectal cancer, there may be areas of the 
tumor that are resistant to treatment while others are 
sensitive to CRT. This means that gene signatures derived 
from single biopsy specimens may not work simply because 
these fragments are not representative of the entirety of 
the tumors they were taken from. Instead of prediction 
of tumor response, introduction of liquid biopsies for the 
assessment and monitoring of tumor response may also 

represent a clinically useful tool for the management and 
surveillance of patients during this approach (57).
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