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Abstract
Purpose of Review Prediction of clinical complete response is pivotal in the management of patients with rectal cancer. The
ability to determine tumor response to neoadjuvant therapy in rectal cancer might guide subsequent treatment modalities. We
review the current literature on predictors of complete response after neoadjuvant for rectal cancer with an emphasis of clinical
complete response rather than pathological complete response.
Recent Findings Clinical and radiological findings have been used to predict response, as well as a myriad of biomarkers. There
is limited evidence validating most of these strategies. The role of imaging in defining tumor response has been assessed
retrospectively. The TRIGGER trial is a randomized trial that will evaluate stratified management of rectal cancer based on their
tumor regression grade.
Summary The management of locally advanced rectal cancer is evolving. The ability to predict clinical complete response in
patients that have undergone neoadjuvant chemoradiation will allow us to select potential patients that can benefit from a “watch
and wait” strategy. Identifying patients that will have a complete response will result in decreased surgical overtreatment,
favoring organ-sparing strategies. Treatment individualization will require further research. Emphasis should be made in vali-
dating prediction markers; these should be cost-effective and of minimally invasive retrieval. Surveillance protocols to assess for
tumor regrowth are yet to be determined.
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Introduction

The current management of locally advanced rectal cancer
includes neoadjuvant chemoradiation (nCRT) followed by to-
tal mesorectal excision. Preoperative CRT is associated with
improved clinical outcomes and toxicity profile when com-
pared with postoperative CRT [1]. However, tumor response
to neoadjuvant therapy may be variable ranging from com-
plete obliteration of the lesion to no tumor response [2]. Of the
patients who undergo neoadjuvant therapy, 25–45% will have
little to no response with minimal regression of the tumor [3].

The most commonly used neoadjuvant protocol includes a 5-
fluorouracil-based chemotherapy regimen in combination
with radiation therapy.

Pathologic complete response (pCR) is defined as the ab-
sence of tumor on pathological examination of the surgical
specimen after nCRT and has been found in 15 to 27% of
patients [4]. However, clinical complete response (cCR) lacks
a precise definition and it can vary across studies [5, 6].
Literature reports that up to 40% of the patients after neoad-
juvant CRT exhibit cCR [6]. This response is assessed with a
combination of digital rectal examination, endoscopic exami-
nation with biopsy, and imaging techniques. Different rates of
pCR and cCR may arise from the presence of microscopic
tumor residual that were not detected on clinical assessment,
but rather identified during pathological analysis after surgery
[7].

The importance of being able to predict patients who may
have a cCR cannot be overstated. Those who have a cCR after
neoadjuvant therapy could potentially avoid surgery and its
associated morbidity. Rates of permanent colostomy after
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surgical excision are as high as 45% [8]. Several studies have
evaluated the use of a nonoperative approach in patients with a
potential cCR to neoadjuvant therapy [9•, 10, 11]. In 2004,
Habr-Gama et al. showed similar results between operative
and nonoperative strategy for patients that achieved stage 0
after neoadjuvant CRT. Surgical resection did not result in
improved outcomes and was associated with the inherent mor-
bidity of the surgical procedure [12].

It remains a challenge to prospectively determine which
patients will benefit from an operative versus nonoperative
strategy. CRT might be the definite treatment in a subset of
patients. In a “wait and watch” strategy, salvage surgery is an
option for those who develop local recurrence [7]. Some series
have shown promising outcomes [9•, 10, 13–19]. Moreover,
those with a predicted poor response might benefit from a
different neoadjuvant strategy, with either a more aggressive
CRT regimen or different chemotherapy drugs combinations.
Valentini et al. analyzed 163 patients treated with different
CRT regimens and found variable tumor responses [3].
Futility can also be evaluated within this stratification based
on the predicted tumor response after neoadjuvant therapy
[20]. Most of the currently used predictors focus on tissue
analysis from resected specimens to evaluate on genetic, epi-
genetic, or molecular factors, while some use biopsy samples
before neoadjuvant therapy [21]. Frequently, these markers
are not routinely applied in the clinical setting due to conflict-
ing study results and the lack of prospective validation [22]. A
clinically useful test should be sensitive, specific, and cost-
effective, providing prognostic information and guiding ther-
apy [23•].

The Habr-Gama’s group first presented their data on a
watch-and-wait strategy to the American Society of Colon
and Rectal Surgeons in San Diego in 1998 [24]. They pro-
posed a definition of complete response after CRT and trialed
an organ conservative strategy. Glynne-Jones et al. reviewed
rates of cCR after nCRT and found heterogeneity in the defi-
nition of cCR among the different studies [25].

Thus, determining if we can reliably predict a clinical com-
plete response is a fundamental issue to proceed with further
treatment modalities and to determine if they need to be al-
tered. The current review paper addresses the current strate-
gies to assess a cCR to determine if we have made progress in
this area. A definition of cCR is a pertinent good start.

Definition

Clinical response after neoadjuvant therapy is assessed by
digital rectal examination to determine any residual palpable
tumor, endoscopic examination with biopsy, and repeat imag-
ing [5]. Several clinical and endoscopic features are used to
describe response of distal rectal cancer after neoadjuvant
therapy.

Glynne et al. found significant heterogeneity in the cCR
definition used by several reports. Most studies relied on clin-
ical evaluation with digital rectal examination (DRE) or CT
scanning while the minority used ultrasound or magnetic res-
onance imaging (MRI) to assess response to nCRT. In general,
cCR was defined as absence of detectable residual lesion on
clinical examination, or clinical examination and endoscopy.
The use of microscopic evaluation with biopsies was not
widespread. This review also reported a 30% association of
cCR with pCR [25].

Similarly, Kong et al. reported the variability to define this
term (Table 1) [26••]. The description proposed by Habr-
Gama et al. appears to be the most widespread used definition
for assessment of cCR [5]. Complete clinical responders can
exhibit whitening of the mucosa, presence of telangiectasias,
and decreased pliability of the rectal wall that contains the
residual scar. Addition, the tumor cannot be palpated or visu-
alized. The presence of the following represents incomplete
clinical response: ulceration regardless of the presence of ne-
crosis, palpable nodule, and stenosis precluding proctoscopic
evaluation [5]. In another analysis using prospectively
collected data, exclusively used endoscopic findings to
determine complete response. In this study, an endoscopic
complete response was defined by (1) flat, pale or reddish
scar or flat healing ulcer with regular borders surrounded
by healthy mucosa, (2) disappearance of the neoplastic pit
without visual amplification, and (3) disappearance of the
neoplastic nodule or stenosis. The endoscopic findings
associated with cCR reflected pCR with an accuracy of
88.7% [27].

While some authors have supported the definition of cCR
through post-biopsy analysis [14, 15, 18], Perez et al. stated
that biopsies after neoadjuvant therapy have a very low nega-
tive predictive value, so its use as a sole defining factor of cCR
complete response is discouraged [28]. Habr-Gama et al. favor
clinical assessment as a minimal requirement for clinical re-
sponse determination [29••].

The available data regarding the criteria to define cCR is
heterogeneous. Clinical and endoscopic findings can be sub-
jective and rely on the expertise of the clinician. Various im-
aging modalities, specifically MRI may be used as a way to
improve the accuracy of determining cCR. In a series by
Bhoday et al., MRI after neoadjuvant therapy was able to
predict pCRmore accurately than preoperative clinical assess-
ment alone [30].

Imaging

Magnetic Resonance Imaging

MRI has been used as predictor of neoadjuvant therapy re-
sponse in rectal cancer [31]. Moreover, restaging MRI after
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CRT is highly accurate in predicting pathological response in
those patients who were deemed clinical responders (κ coef-
ficient = 0.72) [32]. Unfortunately, there is not enough evi-
dence to individualize treatment in rectal cancer based exclu-
sively on imaging results [33]. Conventional MRI has limited
ability to distinguish fibrosis from residual tumor, hence
restaging after preoperative CRT is challenging. A systematic
review evaluated the ability of MRI to restage locally ad-
vanced rectal cancer after neoadjuvant CT; the analysis report-
ed a mean sensitivity of 50.4% for conventional MRI, while
the use of functional MRI showed an improved sensitivity of
83.6% [31]. Diffusion-weighted images can evaluate the vas-
cularity of a tumor and its variation in response to treatment,
which represents an upgrade from conventional MRI [34].

Shen et al. showed that the extramural depth (EMD) to
mesorectum ratio was a predictor for tumor response to neo-
adjuvant CRT in T3 rectal cancer. They defined extramural
depth as the distance from the outer edge of the muscularis
propria to the most exterior edge of the tumor. The
mesorectum was measured at the same plane. An EMD to
mesorectum ratio of 0.5 was determined to be a reasonable
cutoff for patients with T3 rectal cancer as those patients had
higher rates of cCR. Moreover, a ratio of 0.5 or less was

independently associated with better disease-free survival in
a multivariate analysis [35].

The vascular characteristics within a neoplastic focus have
significant influence on its sensitivity to CRT. Perfusion-based
MRI criteria can be used in the evaluation of a tumor micro-
circulation, neoangiogenesis, and response to treatment [36].
Recently, perfusion parameters have been reported to change
with neoadjuvant therapy, but specific cutoff values have not
been determined because of high variability between subjects.
In a prospective cohort, peak tumor blood volume measure-
ments in a high-density enhancement area assessed 1–2 weeks
after treatment initiation were strong independent predictors
of cCR to neoadjuvant therapy [37]. Krishan et al. proposed
using a ratio with the tumor-free rectal wall, normalizing these
values. Responders are expected to have tumor perfusion pa-
rameters close to normal tissue, in consequence the normal-
ized values approach 1 [36].

Pham et al. have designed a protocol for a prospective clin-
ical study to use different MRI modalities to improve MRI
prediction accuracy of treatment response. They suggest that
joining diffusion-weighted imaging and dynamic contrast-
enhanced MRI would achieve a better three-dimensional vol-
umetric analysis of the tumor to assess its heterogeneity and

Table 1 Definition of clinical
complete response Definition of clinical complete response

Renehan et al. 2016
[9•]

Clinical—per Habr-Gama Criteria [5]

Radiologic—normal imaging

Lai et al. 2016 [13] Clinical—per Habr-Gama Criteria [5]

Radiologic—lymph nodes < 5 mm in their transverse diameter on MRI or CT. No
evidence of hypoechoic, heterogeneous lesion with irregular borders;
thickening/ulceration of the bowel wall on TRUS.

Appelt et al. 2015
[14]

Clinical—small, white scar in the rectal wall. Superficial erosion or ulceration without
palpable tumor. Negative biopsies if ulcer or erosion present.

Radiologic—no heterogeneity on MRI and lymph nodes with diameter < 5 mm

Habr-Gama et al.
2014 [5]

Clinical—absence of residual ulceration, palpable nodule, or mucosal irregularity.
Whitening of the mucosa and the presence of telangiectasia.

Radiologic—presence of residual low-signal intensity area on MRI. Absence of
restriction to diffusion on DWI. Absence of residual uptake within rectal wall or
lymph nodes on PET/CT

Smith et al. 2012
[17]

Clinical—no visible pathology other than flat scar. No palpable tumor on DRE

No routine imaging modality used

Dalton et al. 2012
[18]

Clinical—no scar tissue on EUAwith negative biopsy

Radiologic—MRI showing significant tumor regression with little evidence of residual
tumor. Negative FDG-PET

Maas et al. 2011
[10]

Clinical—regression to no palpable on DRE. No residual tumor on endoscopy. Small
residual ulcer or scar with negative biopsy

Radiologic—significant regression with no residual tumor. Low signal on high b-value
DWI. No suspicious lymphadenopathy. Edema causing wall thickening

Nakagawa et al.
2002 [15]

Clinical—complete regression of the lesion and negative biopsy

Adapted from Kong et al. [26••]

MRI magnetic resonance imaging, CT computed tomography, TRUS trans-rectal ultrasound, DWI diffusion-
weighted imaging, PET positron emission tomography,DRE digital rectal examination, FDG fluorodeoxyglucose
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can help develop standardized multiparametric protocols to
quantitatively assess treatment response [20]. Multiple objec-
tive parameters have been evaluated in diffusion-weighted
MRI (DWI), which supports this idea. The results have been
encouraging. Zhu et al. designed a study to assess the perfor-
mance of DWI models in predicting tumor response to CRT.
Their models showed reasonable reliability and diagnostic per-
formance [38].

MRI represents a frequently used tool to determine cCR.
So far, the studies evaluating its use have shown promising
results, yet a prospective trial still needs to be published
assessing its role in individualized management of the rectal
cancer.

Positron Emission Tomography (PET/CT)

PET/CT is an imaging modality with limited availability to
some patients due to cost and one that involves the risk of
radiation exposure. Nevertheless, it has been used to evaluate
cCR to nCRT. Perez et al. evaluated its performance in 99
patients. PET/CT was able to detect residual cancer with an
85% accuracy. The addition of PET/CT to clinical assessment
achieved an overall accuracy of 96% [39]. Presence of FDG
uptake restricted to the rectal wall at baseline PET/CT and a
decrease from baseline in the maximum standardized uptake
value (SUVmax) are findings that favor complete response
[40]. The total lesion glycolysis (TLG) parameter is a value
that depends on metabolic activity and tumor volume. A de-
crease greater than 92% in the TLG was used as cutoff to
stratify patients between complete versus incomplete re-
sponse. This was associated with a negative predictive value
of > 90%. The authors of this study concluded that volumetric
PET/CT value can be used to predict response to neoadjuvant
CRT and to isolate potential candidates for alternative tactics
after clinical complete response [41].

Tumor Grading Using Imaging

The magnetic resonance tumor regression grade (mrTGR)
classifies response to neoadjuvant therapy based on post-
CRT MRI findings. It is a 5-point scale where lower score
represents greater regression (Table 2). Poor response is de-
fined as mrTGR 4–5. This imaging-related grading scale has a
directly proportional association with clinical outcomes, in-
cluding local recurrence, distant recurrence, disease-free sur-
vival, and overall survival [42]. The scale depends on the
assessment of the proportion of tumor replaced by fibrosis,
which is more reliable than attempting to delineate T stage
after treatment [43].

The Magnetic Resonance Tumor Regression Grade as
Biomarker for Stratified Management of Rectal Cancer
Patients (TRIGGER) trial is a multicentric, randomized con-
trol study that aims to evaluate the use magnetic resonance

tumor regression grade (mrTRG) as a tool to stratify manage-
ment of rectal cancer patients based on their response to neo-
adjuvant CRT [44]. This is a needed step to make imaging a
standard tool in the individualized management of rectal
cancer.

Biological Markers

DNA Mutations

Recent research has focused on the use of biomarkers before
neoadjuvant therapy to predict response to neoadjuvant ther-
apy. DNA mutations, including KRAS mutations, have been
suggested to confer radio-resistance to the tumor [45]. While
mixed results have been reported, association with p53 muta-
tions has been widely linked to tumor resistance to radiother-
apy [7, 46, 47]. The upregulation of XRCC3, a gene that codes
for a protein involved in DNA repair, confers chemo-
resistance to 5-fluorouracil in patients with rectal adenocarci-
noma [48]. Other DNA mutations studied that predict re-
sponse to CRT include DNA repair gene SMC1, apoptotic
genes LUM and THBS2, and DNA repair gene XRCC3
[49]. The glycoprotein YKL-40 and the oncogene c-Met re-
ceptor tyrosine kinase are markers of chemo- and radio-
resistance [50]. The methylation of the TIMP3 gene has also
been correlated with resistance to CRT [51] while the expres-
sion of lincRNA-p21 favors improved outcomes [52]. These
last two represent examples of non-DNA targets of research as
predictors of cCR.

Liquid Biopsy

Circulating tumor DNA (ctDNA) are tumoral DNA fragments
present in the patient’s bloodstream. A quantitative analysis of
the ctDNA correlates with tumor staging and prognosis [53].
The detection of ctDNA in the plasma of cancer patients is
known as liquid biopsy. With the use of bioinformatic tech-
nology, it is possible to identify genome-wide patient-specific
mutations, which can be used as individualized biomarkers for
the monitoring of ctDNA. Carpinetti et al. used this technolo-
gy to evaluate the value of early changes of ctDNA to assess
cCR after neoadjuvant CRT. They concluded its use would
complement clinical and radiological evaluation. Moreover,
ctDNA levels could be used to monitor early response to
nCRT [54•].

Micro-RNA

Micro-RNA is a type of noncoding RNA that participates in
difference cellular processes, including cell proliferation, dif-
ferentiation and apoptosis. Their role in cancer has been stud-
ied and how it can affect radiotherapy response. Its
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dysregulation is a factor leading to carcinogenesis and altered
gene expression. As a biomarker, its structural characteristics
allow it to be highly stable in vitro and in vivo. Extracellular
miRNAs have been identified in circulating blood of healthy
and diseased patients, which makes them an interesting novel
biomarker [55, 56]. The studies evaluating the use of micro-
RNA have been heterogeneous and have yet to make an im-
pact in the clinical setting. Lopes-Ramos et al. studied miRNA
expression profiles of patients with complete or incomplete
response aiming to determine predictive biomarkers. They
identified miR-21-5p overexpression as a strong predictor of
cCR to neoadjuvant therapy [57]. While these studies are
compelling and had yielded promising results, this technology
has not made it to standard clinical practice.

RNA Sequencing

RNA sequencing (RNA-Seq) can be used to detect the pres-
ence of RNA in a sample and quantify it. It has been a prom-
ising technology to recognize groups of genes with specific
patterns of gene expression, called gene expression signatures.
RNA-Seq has shown potential to replace microarrays for tran-
scriptome sequencing. Many authors have tried to determine a
gene expression signature able to predict cCR to CRT.
Unfortunately, the results of these reports have been difficult
to replicate in subsequent studies, regardless of the use of
microarray or RNA-Seq for gene expression analysis.
Lopez-Ramos et al. concluded in their work that the use of
gene signatures is dependent on the sample used, and the
accuracy is not superior to current clinical and radiological
criteria to assess response [46, 58–63]. While Agostini et al.
suggested that the use of integrative computational biology
and gene expression patterns can be useful to predict cCR in
patients undergoing neoadjuvant therapy. Their promising
work suggests that these biomarkers can predict tumor respon-
siveness to CRTand delineate new strategies based on specific
identified molecular pathways [48].

Other Serum Biomarkers

Serummarkers are cheaper alternatives to response prediction.
Carcinoembryonic antigen (CEA) is the most used tumor
marker in colorectal cancer. Its most important role is

surveillance after complete resection of the tumor. Levels of
<5 ng/mL after neoadjuvant is associated with higher rates of
cCR [64, 65], but there is no consensus among clinicians in its
role for preoperative rectal cancer [21]. Abnormal CEA levels
after neoadjuvant therapy should prompt PET/CT evaluation
because it can assess tumor response but may also aid in the
determination of unsuspected metastasis [29].

Higher hemoglobin levels before neoadjuvant therapy are
associated with cCR, but it represents a poor association (area
under ROC curve 0.673). Other markers, for example neutro-
phil to lymphocyte ratio, have shown similar results [21]. On
the basis that hypoalbuminemia and leukocytosis have been
found to correlate with poor outcomes in pancreatic cancer, a
neutrophil to albumin ratio (NAR) was evaluated in rectal
cancer patients. Higher neoadjuvant CRT ratios independently
correlated with a complete response [23•].

Bitterman et al. determined that a CEA level > 5 ng/mL at
diagnosis, a tumor size > 3 cm, distance greater than 3 cm
between the tumor and the anal verge, clinically node-
positive disease, and more than 8-week interval from CRT to
surgery were independent predictors of poor response [66].

Although many biomarkers have been evaluated, their use
is not standard to predict response to nCRT. Most studies lack
a direct comparison between different sets of biomarkers, lim-
iting the ability to assess its relative performance. Dayde et al.
emphasizes the molecular heterogeneity of colorectal cancer.
Hence, a single biomarker is improbable to achieve a reason-
able sensitivity and specificity to predict cCR [67]. CEA
levels remain an important tool. It has a proven role in
follow-up after resection and normal levels after nCRT are
suggestive of cCR.

Nomograms

Sun et al. have prepared a novel approach to predict cCR using
a nomogram. Multiple factors that were independently asso-
ciated with pCR were evaluated and subsequently integrated
in a prediction nomogram. The proposed model included
CEA levels before and after CRT, and residual tumor charac-
teristics after CRT such as distance of the tumor from the anal
verge, tumor size, and circumferential extent of the tumor.
This tool was internally and externally validated with good
concordance index [68].

Table 2 Magnetic resonance
tumor regression grading
(mrTRG)

Grade Response Description

mrTRG1 Complete radiological No evidence of tumor

mrTRG2 Good Dense fibrosis but no evidence of residual tumor

mrTRG3 Moderate > 50% fibrosis or mucin, visible intermediate signal

mrTRG4 Slight Little areas of fibrosis or mucin, mostly residual tumor

mrTRG5 No response Intermediate signal intensity, same appearance as baseline

Adapted from Siddiqui et al. [42]
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Future Strategies

As the use of selective surgery for patients with clinical com-
plete response to neoadjuvant therapy becomesmore frequent,
it will be necessary to determine which patients are at risk of
tumor regrowth. Approximately 20% of the patients managed
nonoperatively will develop local recurrence within the first
12 months [16, 69]. The results of a small, retrospective study
show that more superficial tumors at baseline are less likely to
develop early local recurrence, i.e., cT2 tumor versus a cT3/4
[70].

The following are different roads to achieve individual-
ized management of rectal cancer: detection of circulating
tumor DNA to determine incomplete response to neoadju-
vant therapy [54•, 71]; developing and validated micro-RNA
profiles that correlate with clinical outcomes and that can
predict response to therapy; emphasis should be made on
specimen of low invasiveness collection, as serum and urine
RNA [7]; and use of deregulation scores to study and cate-
gorize disease-specific pathway to help stratify these tumors
[72].

Conclusion

Developing a reliable prediction strategy will allow us to
stratify patients based on their predicted response to neoad-
juvant therapy and individualize treatment. Most authors
agree on the most common clinical and endoscopic findings
that represent cCR; however, there is no universal definition.
The TRIGGER trial promises to appraise the role of imaging
in this setting. Many biomarkers have been studied, yet there
is no consensus on their ability to predict response to neoad-
juvant therapy. Currently, a consistent method to predict cCR
remains elusive, but as we continue to emphasize on this
subject, prediction of tumor response after neoadjuvant ther-
apy will become standard of care. Prospective studies are
needed to clarify the optimal approach for those predicted
with cCR, of preference with close follow-up in centers of
excellence.
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