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Purpose: We investigated the sensitivity of various evaluating modalities in predicting a pathologic complete response
(pCR) after preoperative chemoradiation therapy (PCRT) for locally advanced rectal cancer (LARC).

Methods: From a population of 2,247 LARC patients who underwent PCRT followed by surgery at Asan Medical Center,
Seoul, Korea from January 2007 to June 2016, we retrospectively analyzed 313 patients (14.1%) who showed a pCR after
surgery. Transrectal ultrasound (TRUS), high-resolution magnetic resonance imaging (MRI), abdominopelvic computed
tomography (AP-CT), and endoscopy were performed within 2 weeks prior to surgery.

Results: Of the 313 patients analyzed, 256 (81.8%) had a pCR after radical surgery and 57 (18.2%) showed total regression
after local excision. Preoperative TRUS, MRI, and AP-CT were performed in 283, 305, and 139 patients, respectively.
Among these 3 groups, a prediction of a pCR of the primary tumor was made in 41 (14.5%), 51 (16.7%), and 27 patients
(19.4%), respectively, before surgery. A prediction of a clinical NO stage was made in 204 patients (88.3%) using TRUS,
130 (52.2%) using MRI, and 78 (65.5%) using AP-CT. Of the 211 patients who underwent endoscopy, 87 (41.2%) had a
mention of clinical CR in their records. A prediction of a pathologic CR was made for 124 patients (39.6%) through at
least one diagnostic modality.

Conclusion: The various evaluation methods for predicting a pCR after PCRT show a predictive sensitivity of 0.15-0.41
for primary tumors and 0.52-0.88 for lymph nodes. Endoscopy is a relatively superior modality for predicting the pCR of
the primary tumor of LARC patients.
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INTRODUCTION

Preoperative chemoradiation therapy (PCRT) followed by total
mesorectal excision (TME) is the standard treatment regimen for
locally advanced rectal cancer (LARC, T3-4 and/or N+) [1]. Ap-
proximately 8%-24% of patients show a pathologic complete re-
sponse (pCR) to this treatment with improved long-term onco-
logic outcomes and local control [2, 3]. On the basis of these
promising results, more conservative alternatives to TME, includ-
ing “wait-and-watch” and “local excision,” have been used in pa-
tients who are expected to achieve pCR after PCRT with good
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outcomes [2, 4, 5].

Notably, accurate restaging after PCRT is indispensable when
adopting a conservative therapeutic approach in LARC patients
in whom a pCR, i.e., a clinical complete response (cCR), is antici-
pated. Various imaging modalities have been used to accurately
predict a pCR prior to surgery including magnetic resonance im-
aging (MRI) [6-11], abdominopelvic computed tomography (AP-
CT) [12, 13], transrectal ultrasound (TRUS) [14-16], and endos-
copy (colonoscopy and sigmoidoscopy) [17, 18]. However, most
studies on the pCR-prediction accuracy of each of these tests have
reported poor predictive power.

In this study, we investigated the pCR-prediction sensitivity of
various restaging modalities in a select cohort of LARC patients
with a final confirmation of pCR after PCRT followed by surgery.

METHODS

Patients and study design

A total of 2,247 patients underwent PCRT followed by surgery for
biopsy-proven LARC at Asan Medical Center, Seoul, Korea be-
tween January 2007 and June 2016. We enrolled 313 patients from
this population (14.1%) for a retrospective evaluation because
they either showed pCR after radical surgery or total regression
after local excision. The patients in our study with clinical T3-4
and/or N+ mid-to-lower rectal cancer underwent PCRT. Most of
these subjects also underwent TRUS, AP-CT, chest CT, high-res-
olution rectal MRI, endoscopy (colonoscopy or sigmoidoscopy in
patients with tumor obstruction) to confirm the clinical stage and
location of the tumor. This study was approved by the Institu-
tional Review Board (IRB) of Asan Medical Center (registration
number: S2017-2141-0001), and the requirement for informed
consent was waived by the IRB.

Preoperative chemoradiation therapy

Preoperative radiotherapy consisted of 25 fractions at a dosage of
45-50 Gy administered to the entire pelvis followed by a 5.4-Gy
boost to the primary tumor administered in 3 fractions. Chemo-
therapy was delivered in 2 cycles with either an intravenous bolus
of 5-fluorouracil (375 mg/m*/day) and leucovorin (20 mg/m?/
day) over 3 days during the first and fifth weeks of radiation ther-
apy or with oral capecitabine (1,650 mg/m’/day) twice-daily dur-
ing the period of radiation therapy.

Restaging and surgery

Restaging using TRUS, high-resolution rectal MRI, AP-CT, or
endoscopy (colonoscopy or sigmoidoscopy) was performed
within 2 weeks prior to surgery. All TRUSs were performed by
colorectal surgeons. Experienced gastrointestinal (GI) radiologists
interpreted all MRI and AP-CT findings. According to the judg-
ment of the surgeon, the colonoscopy or sigmoidoscopy was per-
formed by either a colorectal surgeon or a GI endoscopist to iden-
tify remnant tumors or cCR. Patients with cCR were defined as
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those with the possibility of a pCR as determined by the physician
who performed or interpreted each test. The operations were
planned within 6-8 weeks of the completion of PCRT. The sur-
geons decision to perform either a radical resection according to
the principles of tumor-specific mesorectal excision or a local ex-
cision was based on the restaging result and the patient’s general
status. The patients who were classified as magnetic resonance tu-
mor regression grade (mrTRG) 1 (i.e., radiological complete re-
mission) or 2 (i.e., dense fibrosis without obvious tumor signal)
after PCRT underwent local excision. The pathologic stage was
recorded in accordance with the seventh edition of the TNM clas-
sification of the American Joint Committee on Cancer [19].
Pathologic CR was confirmed in the resected specimens using the
tumor regression grade system described previously by Dworak
etal. [20].

Statistical analysis

Post-PCRT clinical T and N stages were determined using pelvic
TRUS, AP-CT, MR, and endoscopy. The sensitivity of predicting
ypT0 and ypNO was calculated for each imaging modality indi-
vidually. The overall predictive sensitivity was also measured for
patients expected to achieve a pCR by collecting the best results
from all the imaging tests.

RESULTS

Demographic characteristics and surgical procedures
Among the 313 patients analyzed in the current study, there were
189 males (60.4%) and 124 females (39.6%). Of the study popula-
tion, 256 patients (81.8%) showed pCR after TME and 57 (18.2%)
showed total regression after local excision. At the time of initial
diagnosis, the clinical T3 stage was the most frequent with 248
subjects (79.2%) followed by clinical N+ with 261 subjects
(83.4%). The median interval between the last date of radiother-
apy and the date of the surgery was 7 weeks (Table 1).

Prediction sensitivity for ypTO0 and ypNO staging
Post-PCRT restaging was performed using TRUS (283 of 313,
90.4%), AP-CT (139 of 313, 44.4%), and MRI (305 of 313, 97.4%)
(Fig. 1). Using TRUS, 41 (14.5%, sensitivity 0.15) of our study pa-
tients were predicted to have a ypT0-stage lesion and 204 (88.3%,
sensitivity 0.88) to have a ypNO-stage tumor. For T and N staging
with MR, 51 (16.7%, sensitivity 0.17) patients were staged as TO
and 130 (52.2%, sensitivity 0.52) as NO. Comparable results were
obtained using AP-CT in which 27 (19.4%, sensitivity 0.19) pa-
tients were staged as TO and 78 (65.5%, sensitivity 0.66) as NOs
(Tables 2 and 3). The concordance between MRI and other re-
staging methods in terms of ycT stage and ycN stage is shown in
Table 4.

Preoperative re-endoscopy was performed in 211 of our study
patients (67.4%) with the possibility of CR in 87 cases (41.2%,
sensitivity 0.41) due to the detection of only a shallow ulcer or
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Clinicodemographic characteristics of patients with patho-
logic complete response

Variable Value
Age (y) 56 (26-83)
Sex
Male 189 (60.4)
Female 124 (39.6)
Operation type
Radical resection 256 (81.8)
uLAR 206 (65.8)
APR 50 (16.0)
Local excision 57 (18.2)
TAE 39 (12.5)
TAMIS 18 (5.8)
Approach
Open 183 (58.5)
Laparoscopic assisted 25 (8.0)
Robot assisted 48 (15.3)
Local excision 57 (18.2)
Interval (wk)
PCRT to surgery 7 (4-41)
PCRT to restaging 5.4 (0.7-7)
Restaging to surgery 1.4 (0.1-12.4)
Distance from anal verge (cm) 4 (0-10)
Clinical T stage
T2 34 (10.9)
T3 248 (79.2)
T4 3199
Clinical N stage
NO 52 (16.6)
N+ 261 (83.4)

Values are presented as median (range) or number (%).

uLAR, ultralow anterior resection; APR, abdominoperineal resection; TAE, transanal
excision; TAMIS, transanal minimally invasive surgery; PCRT, preoperative chemo-
radiation therapy.

scar or a polypoid lesion (Table 5, Fig. 2).
Overall sensitivity
The predictive sensitivity was 0.4 for all of the tests combined, and

124 patients (39.6%) in our study cohort were predicted to have
pCR.

The sensitivity of the evaluation methods tested in our current
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Evaluating images of a 66-year-old man diagnosed with clini-
cal T3N+ rectal cancer at initial evaluation. (A) TRUS before PCRT:
the hypoechoic mass extended over the muscularis propria into the
perirectal fat from the 10-oclock position to the 3-oclock position.
(B) TRUS after PCRT: the previous hypoechoic mass is gone. (C)
AP-CT before PCRT: an irregularly enhanced mass in the anterior
rectal wall. (D) AP-CT after PCRT: the previous rectal mass is gone.
(E) T2W MRI before PCRT: T3 rectal cancer with heterogeneous
signal intensity from the 10-oclock position to the 3-oclock position.
(F) T2W MRI after PCRT: the previous rectal tumor is gone. TRUS,
transrectal ultrasound; PCRT, preoperative chemoradiation therapy;
AP-CT, abdominopelvic computed tomography; T2W MRI, T2-
weighted magnetic resonance imaging.

study to accurately predict a pCR after PCRT in patients with
LARC over a 10-year period was 0.15-0.41 for primary tumors
and 0.52-0.88 for lymph nodes (LNs). Endoscopy had the highest
pCR-prediction sensitivity (0.41) among the conventional exami-
nation tools that were tested. It is noteworthy that almost 60% of
the cases of pCR after treatment in this study were not accurately
predicted by any of the conventional restaging modalities. Al-
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though the current study was retrospective, a large number of
pCR patients were comprehensively analyzed, which included an
assessment of all conventional tests currently used for restaging
after PCRT.

The sensitivity of MRI for predicting pCR was 0.17 for primary
tumors and 0.52 for LNs. These results were comparable to those
of a recent meta-analysis of the performance of MRI for restaging
that reported a mean pCR-predictive sensitivity for primary tu-
mors of 0.19 and a sensitivity of the nodal staging per patient of
0.77 [6]. Although some studies have tested the mrTRG and dif-
fusion-weighted MRI in predicting PCRT response and oncologic
outcomes [7, 8], conventional MRI has not previously been found
to accurately predict the response to PCRT [9-11]. Another meta-
analysis reported an average accuracy of 52% when using restag-
ing MRI to predict the T stage and that 73% of ypT0 tumors were
overstaged with this method. That meta-analysis concluded that
restaging MRI had only played a role in excluding CRM involve-
ment [21]. Furthermore, van den Broek et al. [22] reported a 0%
positive predictive value for cCR in 46 patients and that no

Table 2. Clinical T-staging results with various imaging modalities

cT stage TRUS AP-CT MRI
T0 41 (14.5) 27 (19.4) 51 (16.7)
T 2(42) 2(1.4) 93.0)
T2 42 (14.8) 54 (38.8) 106 (34.8)
T3 182 (64.3) 47 (33.8) 126 (41.3)
T4 6(2.1) 9(6.5) 3(4.3)
Total 283 (100) 139 (100) 305 (100)

Values are presented as number (%).
TRUS, transrectal ultrasound; AP-CT, abdominopelvic computed tomography; MRI,
magnetic resonance imaging.

Table 3. Clinical N staging results with various imaging modalities

cN stage TRUS AP-CT MRI

NO 204 (88.3) 78 (65.5) 130 (52.2)
N+ 27 (11.7) 41 (34.5) 119 (47.8)
Total 231 (100) 139 (100) 249 (100)

Values are presented as number (%).
TRUS, transrectal ultrasound; AP-CT, abdominopelvic computed tomography; MRI,
magnetic resonance imaging.

Preoperative Chemoradiation Therapy for Locally Advanced Rectal Cancer

changes were made to the surgical planning by their multidisci-
plinary team as a result of restaging MRL.

The remaining LN size is an important criterion for determin-
ing whether LN metastases remain after PCRT. Pomerri et al. [23]
reported that the NPV value for a negative LN status was 97%-
100% when the LN size was reduced by more than 70% as deter-
mined using MRI after PCRT. However, it should be noted that

Fig. 2. (A, C, E) Endoscopic findings of patients with locally ad-
vanced rectal cancer before preoperative chemoradiation therapy
(PCRT). (B, D, F) Endoscopic findings described as clinical complete
response after PCRT. (C) Hyperemic mucosal change with a shallow
ulcer. (D) Fibrotic scar. (F) A polypoid lesion with fibrotic scar.

Table 4. Concordance between MRI and other restaging methods in ycT and ycN stage

Variable ycT0 All ycT stages ycNO All ycN stages
MRI vs. TRUS 21/48 (43.9) 144/278 (51.8) 114/118 (96.6) 136/227 (59.9)
MRI vs. AP-CT 18/23 (78.3) 107/135 (79.3) 60/64 (93.8) 95/115 (82.6)
MRI vs. endoscopy 29/38 (76.3) 140/206 (68.0) -

Values are presented as number (%).

MRI, magnetic resonance imaging; TRUS, transrectal ultrasound; AP-CT, abdominopelvic computed tomography.
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Table 5. Summary of endoscopic findings

Endoscopic findings Value
Clinical complete response 87 (41.2)
Scar 54 (25.6)
Ulcer 29 (13.7)
Polypoid 4(1.9)
Remnant tumors 124 (58.8)
Ulceroinfiltrative 73 (34.6)
Ulcerofungating 51(24.2)
Total 211 (100)

Values are presented as number (%).

even if several LNs are found to be reduced in size after PCRT, ra-
diologists are likely to be hesitant to interpret them as negative if
they had been assessed as metastases on MRI before PCRT be-
cause a marked number of metastatic LNs of below 3 mm have
been reported [24, 25]. This is likely the cause of overstaging of
the LN status in patients showing a pCR.

AP-CT is performed in less than half of patients who have un-
dergone PCRT because there is a belief among some surgeons
that there is no additional benefit to performing another test be-
yond MRI. However, the current analysis demonstrated that the
pCR rate with AP-CT was higher for both primary tumors and
LNs compared with MRI Because of the greater soft-tissue con-
trast and resolution of MRI compared to CT, it is to be expected
that MRI will more frequently detect residual abnormalities after
CRT, even if they actually represent complete radiation therapy
changes without residual tumor cells [26]. This could largely ex-
plain the lower sensitivity of MRI for predicting a pCR compared
with CT. However, several studies have shown that AP-CT also
cannot accurately predict pCR [12, 13].

The sensitivity of TRUS for predicting pCR in the current study
was low for primary tumors (0.15) but relatively high for the N
stage (0.88). In patients with an advanced primary tumor prior to
PCRT, correctly staging a ypT0 tumor may be problematic with
TRUS because regressed primary tumors can appear to be rem-
nant lesions when using this method. Conversely, the NO predic-
tion rate is high using TRUS. Also, extramesorectal LNs cannot
be accurately evaluated with TRUS because their location is be-
yond the detectable range of this method leading to a higher neg-
ative result rate [14]. Consequently, some previous studies have
suggested that TRUS may be a useful method of evaluation in
cases of node-negative rectal cancer but is an inaccurate modality
for predicting the PCRT response for tumors in the rectal wall [15,
16].

Two hundred eleven (67.4%) of our current study patients were
re-evaluated with endoscopy after PCRT. The results of these tests
indicated pCR-possible findings in 87 cases (41.2%), which was
relatively higher than any of the other evaluating modalities we
tested. Maas et al. [27] previously included “no residual tumor at
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endoscopy or only a small residual erythematous ulcer or scar,
negative biopsies from the scar, ulcer, or former tumor location”
as cCR criteria for “wait-and-watch”. In addition, endoscopic find-
ings suggestive of cCR have previously been presented as “no pal-
pable ulcer, nodule, mass, whitening of the mucosa, and telangi-
ectasia” [17]. Kawai et al. [18] previously reported pCR-prediction
sensitivities of 0.65-0.87 through their endoscopic assessment
criteria and determined that a flattened marginal swelling (odds
ratio [OR], 3.39) and cancer-negative biopsy (OR, 4.61) were sig-
nificant independent predictors of pCR. Endoscopy alone cannot
be used for tumor staging but can play an important role in judg-
ing pCR and should be regarded as a useful re-evaluation tool af-
ter PCRT along with other imaging modalities. Notably, however,
although many previous reports including the aforementioned
studies have described criteria for cCR and pCR prediction, no
concrete and objective guidelines have been presented to date that
has gained global acceptance. Furthermore, endoscopic findings
in rectal cancer patients can differ depending on the diagnostic
judgment of the endoscopist, and clear standardized criteria are
therefore also needed for this modality.

There were some notable limitations to our current investiga-
tion. Although a relatively large number of patients with pCR
were analyzed, only the sensitivity of the tests was determined.
Specificity, positive predictive value, and negative predictive value
(NPV) are required as well as sensitivity to measure the diagnostic
accuracy of the evaluating modalities in predicting pCR before
surgery. However, this investigation focused on patients who were
confirmed as pCR and how many patients among them were pre-
dicted ypCR using these conventional modalities. Further studies
will be conducted to determine additional accuracy parameters.

A second limitation was that our analysis was based on clinical
readings rather than a standardized central review of patient ex-
aminations. Since various radiologists, endoscopists, and colorec-
tal surgeons performed these examinations and were involved in
the restaging evaluations, there may have been inconsistencies in
the quality of the observations and interpretations and in the cri-
teria used to make them. Furthermore, unlike the interpretation
of pre-CRT imaging examinations [28], standardization in the in-
terpretation of post-CRT imaging examinations is still underway.
These issues, in combination with the fact that the complete re-
sponse of rectal cancer to CRT was not a well-established concept
during much of the study period (and is in fact still evolving),
suggest that indeterminate findings during follow-up were not
likely to be deemed as pCR by clinicians and surgeons. It would
be interesting to determine how the use of more standardized re-
cent approaches, such as mrTRG [7, 29], might affect this situa-
tion. However, we believe that our present results accurately re-
flect the current predictive sensitivity for pCR in real-world clini-
cal practice. In addition to the limitations in interpreting MRIs,
the lack of well-structured criteria for endoscopy regarding cCR is
another limitation. Since the reported endoscopic results are likely
to depend on the subjective judgment of endoscopists, a stan-
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dardized reporting format should be established for accurate pre-
diction of pCR. A third limitation is that restaging 4 to 6 weeks
after PCRT might be too soon to assess pCR due to post-CRT
edema and inflammatory changes [30]. Also, the median of 1.4
weeks between restaging and surgery may have decreased the
predictive sensitivity. Another limitation was that we did not ana-
lyze specificity, the positive and NPVs, or accuracy of the predic-
tion. We attempted to identify how accurately pCR had been pre-
dicted using only LARC patients who were eventually confirmed
to have pCR but found a sensitivity of only 0.4.

Despite the availability of various restaging modalities for pre-
dicting pCR after PCRT, the predictive sensitivity is only approxi-
mately 0.4 for primary tumors and 0.52-0.88 for LNs. Endoscopy
does show relatively superior performance for pCR prediction in
the case of primary tumors and therefore should be used to evalu-
ate all patients after PCRT. In the absence of a robust method to
accurately predict pCR in LARC patients, comprehensive evalua-
tions by experienced clinicians using conventional methods, in-
cluding endoscopy, could increase the pCR-predictive power.
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