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Background: Preoperative chemoradiotherapy remains part of the standard treatment for patients with
locally advanced rectal cancer. Subsequent treatment individualization requires accurate prediction of tumor
response to chemoradiotherapy. Three-dimensional endorectal ultrasound (3D-ERUS) can automatically
capture and store the images of the rectal wall and rectal cancer with high resolution. In this study, we aimed
to assess the correlation and predictive value between tumor volume changes measured on 3D-ERUS and
the histopathological tumor response after chemoradiotherapy for patients with locally advanced rectal
cancer.

Methods: A total of 54 patients with locally advanced rectal cancer who underwent chemoradiotherapy
and had complete 3D-ERUS data pre-and post-chemoradiotherapy were enrolled in the study. The tumor
volume pre-and post-chemoradiotherapy was measured manually on 3D-ERUS, and the tumor volume
reduction ratio was calculated. The histopathological tumor regression grade (TRG) was used to assess
tumor response. The differences in volumetry parameters were compared between groups with varying
tumor response. The diagnostic efficacy of the tumor volume reduction ratio was evaluated by the receiver
operating characteristic (ROC) curve.

Results: The mean age of all patients was 55.19+12.46 years. The relative proportions of TRG 0-3 were
29.6% (16/54), 16.6% (9/54), 50% (27/54), and 3.8% (2/54), respectively. The median tumor volumes post-
chemoradiotherapy in good responders (TRG 0-1, median tumor volume =3.26 cm®) and the complete
response group (TRG 0, median tumor volume =2.61 cm’) were smaller than those in poor responders
(TRG 2-3, median tumor volume =5.43 cm”®) and the partial response group (TRG 1-3, median tumor
volume =4.00 cm®), while tumor volume reduction ratios were higher than those of poor responders (79.32%
vs. 59.67%) and the partial response group (82.22% wvs. 61.64%), with significant differences (all P values
<0.05). The ROC curves showed that the cut-off values of the tumor volume reduction ratio to predict good
responders and complete response were 67.77% and 72.02%, respectively. The corresponding areas under
the curve in the prediction of good responders and complete response were 0.830 and 0.829, respectively.
Conclusions: The tumor volume reduction ratio measured on 3D-ERUS might be a helpful indicator for

tumor response in patients with locally advanced rectal cancer.
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Introduction

Preoperative chemoradiation therapy (CRT) following total
mesorectal excision (I'ME) remains the first-line treatment
for patients with locally advanced rectal cancer (LARC,
T3/4 or N1) (1,2) because of its abilities to downsize and
downstage the tumor as well as improve local control and
reduce toxicity. Tumor regression after CRT increases the
possibility of preserving the anal sphincter and facilitates
complete surgical resection without margin-residual tumor.
Tumor regression grade (TRG), stratifying primary tumor
response to CRT; is associated with recurrence and survival.
Several studies have confirmed TRG as a predictive factor
of oncological outcome after CRT following TME for
patients with LARC (3-5). Patients with pathological
complete response (pCR; TRG 0) or minimal residual
tumor (TRG 0-1) had better survival rates than poor
responders (TRG 2-3) (4,5). Huh et /. (5) reported that the
S-year overall survival (OS) rates and 5-year disease-free
survival (DFS) rates for patients with TRG 0 and TRG 1
were higher than those with TRG 2-3.

Furthermore, organ-preserving strategies including
local excision and watch-and-wait strategy are becoming
optional treatments for patients with favorable response
to preoperative CRT (6-8). Preoperative CRT can render
the tumor downstaged. It is reported that 14% to 33% of
patients who achieve a pCR (9,10) are eligible for organ-
preserving treatments such as local excision or the watch-
and-wait strategy and can achieve a similar recurrence
and survival rate compared to patients treated with radical
surgery (8,11). Thus, how to evaluate tumor response after
CRT but before surgery is a significant clinical issue.

At present, tumor response had been evaluated by cross-
section imaging. Tumor volume change measured on
MRI or CT has been proven to be a validated parameter
to predict tumor response (12-17). Functional imaging
techniques including diffusion-weighted MRI or PET/
CT have been used to monitor metabolic changes of tumor
response (18-20). In addition, the nuances of circulating
tumor cells or cell free DNA was applied for tumor
response assessment (21). However, the limitations of these
modalities included high expense, radiation exposure from
CT or PET/CT, time-consuming for MRI examination,
and minimal invasiveness for circulating tumor DNA
monitor.

Endorectal ultrasound (ERUS) or endoscopic ultrasound
(EUS) is now widely applied to preoperative staging of
rectal cancer because of their high-resolution images of
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rectal wall layers (22-24). 3D-ERUS, as an easy-used,
inexpensive, and repeatable imaging, can automatically
capture and store the images of the rectal wall and rectal
cancer with high resolution as CT or MRI do. Recent
research (25,26) demonstrated that the tumor thickness
measured by EUS after CRT is highly predictive for tumor
response in esophageal cancer (25) and in rectal cancer (26),
but no 3D-ERUS volumetry research has been reported.
As accurate evaluation of the CRT response potentially
contributes to subsequent treatment personalization, the
predictive value of ERUS or 3D-ERUS for tumor response
after CRT in LARC patients needs to be investigated.
Therefore, this retrospective study was performed to
assess the tumor volume pre- and post-CRT and tumor
volume reduction rate (TVRR) measured on 3D-ERUS,
and its correlation with the pathological tumor response
regarding TRG after CRT for patients with LARC. We
present the following article in accordance with the STARD
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-2418/rc).

Methods
Study design and ethics

This retrospective cohort study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Approval (ID: 2021ZSLYEC-152) was granted by the
local Ethics Committee of The Sixth Affiliated Hospital of
Sun Yat-sen University. Individual informed consent for this
retrospective analysis was waived, and all the procedures
being performed were part of the routine care.

Patients

Retrospective data of 70 patients with LARC who received
CRT followed by TME in our center were collected from
October 2014 to June 2018. The inclusion criteria were
as follows: (I) histologically confirmed LARC (T3 or T4
and/or N+ tumor) before CRT; (I) middle or lower rectal
tumors located within 10 cm from the anal edge; (III) the
availability of 3D-ERUS data both pre- and post-CRT; (IV)
no contraindication of CRT and TME. Stenotic tumors
and upper rectal tumors beyond complete evaluation by
3D-ERUS were excluded. After exclusion of 16 cases
with stenotic tumors (13 cases) and highly located tumors
(3 cases), 54 eligible patients were finally included in the
analysis.
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Treatments

All patients underwent chemotherapy with or without
radiation therapy prior to consideration for TME surgery.
All 54 patients received preoperative chemotherapy
varying from 2 to 8 courses. Individual chemotherapy
regimens, including FOLFOX, FOLFOX6, FOLFOXIRI,
mFLOFOX, and De Gramont, were selected for patients
by the oncologist. Preoperative radiotherapy comprised
of a total dose of 45 or 50 Gy delivered to the pelvis in
25 fractions for 5 weeks and was administered to only 25
patients with concurrent chemotherapy.

3D-ERUS examination

3D-ERUS was conducted 1 week before CRT (3D-ERUSI)
and before surgery (6-8 weeks after completion of CRT,
3D-ERUS2) with a Pro Focus 2202 scanner (BK, Denmark)
equipped with a three-dimensional (3D) endorectal probe
8838 or 2502 (6-16 MHz, BK, Denmark). The patient was
placed in the left lateral decubitus position, then 50 mL
gel was injected into the rectum and anal canal to expand
the rectal lumen. The probe was inserted through rectum
and anal canal, and advanced above the lesion of interest in
order to evaluate the entire lesion comprehensively. After
initial observation of the tumor, 3D volume images were
obtained in all patients before and after CRT treatment by
using automatic rotating imaging of sampling function, and
the data was stored on the machine. 3D-ERUS volumetry
measurements were performed on 3D Viewer (version
5.19, BK, Denmark) by an independent sonographer with
3 years’ experience in 3D-ERUS who was blinded to the
pathology results. The lesion boundaries on the 3D-ERUS
image were manually traced by the sonographer on every
transverse-sectional tumor area by a slice section thickness
of 2 mm (Figure I). After multiplying every transverse-
sectional tumor area, the total volumes of the tumor were
automatically calculated. The tumor volume measured pre-
CRT was recorded as V. crr, whereas the tumor volume
measured post-CRT was recorded as Vpost-CRT. Finally,
the TVRR was calculated as TVRR = (V.. crr = Vyosecrr)’/
V. crr x 100% (17).

pi

Histopathological evaluation

After surgery, TNM Classification of Malignant Tumors
7th edition (27) was used for histopathological staging.
TRG was categorized into 4 grades based on the American
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Joint Committee on Cancer (AJCC) system (27): TRG 0,
complete regression without residual tumor cells; TRG 1,
fibrosis with scattered tumor cells; TRG 2, residual tumor
cells with predominant fibrosis; TRG 3, minimal fibrosis
with a majority of tumor cells. According to TRG scoring,
the patients were divided into good responder (TRG 0-1)
and poor responder (TRG 2-3) groups, along with complete
response (TRG 0) and partial response (I'RG 1-3) groups.

Statistical analysis

Statistical analysis was performed on SPSS 22.0 software
(IBM Corp, USA). Categorical variables were shown
as number (percentage), whereas continuous variables
were summarized as median (Ist quartile, 3rd quartile) or
mean + standard deviation. The Wilcoxon test (for paired
samples) was used to compare the differences in tumor
volume pre-and post-CRT. The accuracy of 3D-ERUS
in evaluating T-restaging of rectal cancer after CRT was
calculated, and a receiver operating characteristic (ROC)
curve was drawn to analyze the diagnostic efficacy of
3D-ERUS in the qualitative diagnosis of TO stage. The
differences in various parameters, including V. cgr, Vpost-
CRT, and TVRR, were compared between groups based
on TRG grading by the Mann-Whitney test. Spearman
analysis was used to determine the correlations between
these parameters and TRG grading. The ROC curve was
used to evaluate the diagnostic efficacy of the parameter
and Youden’s index was used to select the optimum cut-
off point. The area under the curve (AUC) value of ROC
curve indicated the reliability of the model. The AUC value
was categorized into <0.5, 0.51-0.7, 0.71-0.9, and >0.9 to
represent unreliable model, model with low accuracy, model
with moderate accuracy and model with high accuracy,
respectively. The survival of the complete response and
partial response groups divided by the estimated cut-off
point was calculated by the Kaplan-Meier method with the
Breslow test for pairwise comparisons. A P value less than
0.05 was considered statistically significant.

Results
Patient characteristics

There were 54 patients (34 males, 20 females) included in
the present study, with a mean age of 55.19+12.46 years
(range, 27-81 years). In accordance with the pathological
results, the relative proportions of TRG 0, TRG 1, TRG
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Figure 1 3D region-of-interest ERUS volumetry images measured on a 58-year-old man. (A,B) Tumor area manually traced on the

3D-ERUS before CRT. The pretreatment volume was 13.01 cm’. (A) Transverse-sectional tumor area. (B) Sagittal-sectional tumor area.

(C,D) Tumor area manually traced on the 3D-ERUS after CRT. The post-treatment volume was 4.21 cm’. (C) Transverse-sectional tumor
area. (D) Sagittal-sectional tumor area. The TVRR of this patient was 67.64% and the pathological TRG grade was 2. ERUS, endorectal

ultrasound; CRT, chemoradiation therapy; TVRR, tumor volume reduction rate; TRG, tumor regression grade.

2, and TRG 3 were 29.6% (16/54), 16.6% (9/54), 50%
(27/54), and 3.8% (2/54), respectively. Other patient
characteristics are summarized in 7able 1. The median time

between ERUS2 and TME surgery was 6.0 (4.0, 8.3) days.

Qualitative assessment of T-restaging by 3D-ERUS
The comparisons of the 3D-ERUS and pathological

results in the T-restaging of patients are shown in
Table 2. T-restaging after CRT by 3D-ERUS was correct
in only 20/54 (37%) patients. Overstaging occurred in
26/54 (48%) patients, while understaging occurred in
8/54 (15%) patients. There were 16 patients who met the
criteria of pCR (staged as ypTONO or achieved TRG 0).

© Annals of Translational Medicine. All rights reserved.

Only 4 of these 16 patients were proven to be true positive
by preoperative 3D-ERUS assessment. 3D-ERUS showed
false-positive findings in 3 patients. Overstaging occurred
in 12 pCR patients by 3D-ERUS (Figure 2). Qualitative
3D-ERUS assessment of rectal wall penetration showed
a sensitivity of 25.00% and specificity of 92.11% in
identifying T0 stage, with an accuracy of 72.22%. The area
under the ROC curve (AUC) for the qualitative prediction
of TO stage was 0.586 (95% CI: 0.410, 0.761).

Quantitative assessment of tumor size regression and TRG

The median V , cgr was 3.92 cm’, significantly smaller
(P<0.05) than that of V. crr (13.26 cm’). The median
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Table 1 Patient characteristics

Characteristic Values

Age, years, mean + SD [range] 55.19+12.46 [27-81]
Gender, n (%)
Male 34 (63.0)
Female 20 (37.0)

Type of treatment, n (%)

Chemotherapy concurrent with 25 (46.3)
radiation
Chemotherapy only 29 (53.7)
Post-CRT T stage by 3D-ERUS, n (%)
TO 7 (13.0)
T1 4(7.4)
T2 17 (31.5)
T3 26 (48.1)
T4 0(0.0)
Pathological T stage, n (%)
TO 16 (29.6)
T 8 (14.8)
T2 18 (33.4)
T3 12 (22.2)
T4 0 (0.0
TRG grading, n (%)
TRG 0 16 (29.6)
TRG 1 9(16.7)
TRG 2 27 (50.0)
TRG 3 2@3.7)

CRT, chemoradiation therapy; TRG, tumor regression grade;
3D-ERUS, three-dimensional endorectal ultrasound.

TVRR was 65.94% for all patients. Table 3 showed that the
median tumor volumes post-CRT in good responders and
the complete response group were smaller than those in
poor responders (3.26 vs. 5.42 cm’, P=0.007) and the partial
response group (2.61 vs. 4.00 cm’, P=0.029), while TVRRs
were higher than those in poor responders (79.32% uvs.
59.67%, P<0.001) and the partial response group (82.22%
vs. 61.64%, P<0.001), with significant differences (all
P<0.05). Spearman correlation analysis showed that V. crr
was positively correlated with TRG grading (r=0.285,
P=0.04) and the TVRR was negatively correlated with TRG
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grading (r=-0.523, P<0.001). ROC analysis showed that
the cut-off value of TVRR in predicting good responders
was 67.77%, with a corresponding AUC of 0.830 (95% CI:
0.720, 0.941) (Figure 3A). The corresponding sensitivity
and specificity were 76.0% and 82.8%, respectively. As
for predicting TRG 0, the cut-off point was 72.02%, with
a corresponding AUC of 0.829 (95% CI: 0.698, 0.960)
(Figure 3B), and the corresponding sensitivity and specificity
were 81.3% and 78.9%, respectively.

Until December 20, 2019, the mean follow-up time
for these patients was 23.9 months. When using 72% as
the threshold value, we stratified patients into complete
response and partial response groups. The 3-year DFS,
recurrence-free survival (RFS), and OS rates for these 2
groups were 86.1% vs. 85.4% (P=0.987), 95.0% vs. 88.0%
(P=0.482), and 100% wvs. 91.80% (P=0.236), respectively.
When using the cut-off point of 68% to stratify patients
into good responders and poor responders, the 3-year DFS,
RFS, and OS rates for these 2 groups were 86.9% vs. 84.8%
(P=0.883), 95.2% wvs. 87.4% (P=0.428), and 100% wvs. 91.5%
(P=0.213), respectively.

Discussion

The evaluation of tumor response after CRT for LARC
patients is directly related to the choice of treatment and
the long-term prognosis. Our study revealed that the
primary tumor markedly shrunk after CRT. There was
also a correlation between TVRR measured on 3D-ERUS
and TRG after CRT. The cut-off points of TVRR for the
diagnosis of TRG 0 had a higher sensitivity than qualitative
diagnosis of T0 stage by evaluating rectal wall penetration.
Identifying pCR patients can enable them to avoid
surgery and is of great clinical significance. Conventionally,
T-restaging after CRT is based on visualizing the tumor
penetration of rectal wall layers on imaging modalities,
among which 3D-ERUS is a useful tool with high-
resolution scanning of the rectal wall. However, the
accuracy of restaging after CRT has dramatically decreased
compared to pre-CRT staging. Post-CRT accuracy of
3D-ERUS varied from 27-58% (28-30) and was especially
low for pCR diagnosis, varying from only 0% to 37%
(31-33), far lower than that of its pre-treatment staging
accuracy of 79% to 93% (23,24,34). In this study, the
sensitivity for predicting T-restaging and pCR after CRT
was 37% and 25%, respectively, which was similar to the
published results of previous literature (29,31,32). Nearly
half of the patients (48%) were overstaged, and this is
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Table 2 Comparison of pathological T staging and preoperative T staging by 3D-ERUS

Post-CRT T staging by

Pathological T staging

SD-ERUS pTO pT1 pT2 pT3 pT4 o
uTo 4 0 3 0 0 7
uT1 0 1 2 1 0 4
uT2 5 4 6 2 0 17
uT3 7 3 7 9 0 26
uT4 0 0 0 0 0 0
Total 16 8 18 12 0 54

CRT, chemoradiation therapy; 3D-ERUS, three-dimensional endorectal ultrasound.

Figure 2 False negative findings in a 59-year-old man with pCR. (A) Pre-CRT T-staging of rectal cancer (orange arrows) by 3D-ERUS was
T3. (B) Restaging of lesion after CRT by 3D-ERUS remained T3 but the pathological result turned out to be TONO (pCR). Fibrosis and

inflammation induced by CRT was presented as hypoechoic lesion (orange arrows) and can be confused with carcinoma. pCR, pathological

complete response; CRT, chemoradiation therapy; 3D-ERUS, three-dimensional endorectal ultrasound.

attributed to the blurred rectal wall induced by CRT.
Since fibrosis, edema, and inflammation caused by CRT
render the rectal wall blurred and make the residual tumor
indistinguishable, it has been a challenge to precisely re-
stage rectal cancer after CRT, particularly patients with
pCR. Therefore, identifying pCR qualitatively based on
tumor invasion depth after CRT is unreliable and cannot
meet the clinical need.

The RECIST criteria (35), based on unidimensional
measurement of tumor size shrinkage, is widely accepted as
an appropriate guideline for the assessment of solid tumor
response. With the development of volumetry imaging,
volumetric anatomical assessment has the potential to take

© Annals of Translational Medicine. All rights reserved.

the place of anatomic unidimensional assessment of tumor
shrinkage (35), especially for morphologically irregular
tumors like gastrointestinal tumors. In recent years, MRI/
CT volumetry has been used as an early biomarker to
assess rectal tumor response after CRT. As shown in
Table 4 (16), MRI/CT tumor volumetric changes after CRT
were evaluated in previous studies (12-17) and they found
that TVRR of 68-78% correlated with good responders
and could be a predictor after CRT. A prospective
study (17) found out that TVRR was more accurate in
predicting tumor regression compared to RECIST based
on MRI measurement. Another study (22) concluded that
RECIST was inferior to CT volumetry in assessing the
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Table 3 Association between tumor volume and pathological tumor response

Response 3D-ERUS1 volume (cm?d)

3D-ERUS2 volume (cmd) TVRR (%)

TRG
Good responders 14.80 (9.50, 19.64)

Poor responders 11.57 (8.42, 20.13)

Z-value -0.651
P value 0.515

pCR
Yes 14.80 (9.39, 22.29)
No 12.19 (8.45, 18.92)
Z-value -0.606
P value 0.544

3.26 (1.30, 4.33) 79.32 (66.91, 92.01)

5.42 (3.42, 8.14) 59.67 (44.10, 66.18)
-2.716 -4.156

0.007* 0.000~

2.61(0.14, 4.39) 82.22 (72.63, 98.77)
4.00 (3.08, 7.37) 61.64 (51.46, 70.68)
-2.179 -3.789

0.029* 0.000~

TVRR is presented as median (1st quartile, 3nd quartile). The P values were determined using the Mann-Whitney test, *, P<0.05.
3D-ERUS1, three-dimensional endorectal ultrasound conducted 1 week before CRT; 3D-ERUS2, three-dimensional endorectal ultrasound
conducted before surgery (6-8 weeks after completion of CRT); TVRR, tumor volume reduction rate; TRG, tumor regression grade; pCR,

pathological complete response; CRT, chemoradiation therapy.
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Figure 3 ROC curves of TVRR for identifying good responders and pCR patients. (A) ROC curves of TVRR for good responders. The
AUC was 0.830. (B) ROC curves of TVRR for pCR padents. The AUC was 0.829. ROC, receiver operating characteristic; TVRR, tumor

volume reduction rate; pCR, pathological complete response; AUC, area under the curve.

response of CRT and predicting recurrence risk. As in
MRI/CT studies (12-17), we also evaluated tumor volume
by 3D-ERUS in this study. The threshold used to predict
favorable response (68%) chosen by Youden’s index was
consistent with that of MRI studies (13,16,18). When
using the cut-off TVRR ranging from 68-70% to predict
good responders, our study achieved a similar AUC (0.83)
with that in MRI studies (0.85-0.9) (Table 4). Using this
threshold (72%) to identify TRG 0, more TRG 0 patients

© Annals of Translational Medicine. All rights reserved.

were identified, and the sensitivity of quantitatively TRG 0
assessment (81.3%) by 3D-ERUS volumetry measurement
was higher than that of qualitatively T0 staging (25%) by
visualizing rectal wall penetration in this study. Compared
to MRI volumetry studies (13,18), the primary tumor
volumetry was smaller in this study (7ible 4), this may be
caused by the technically unfeasibility of 3D-ERUS in
evaluating stenotic tumors as the ultrasound probe could
not reach through the stenotic tumors.
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Table 4 Comparison of the 5 studies investigating MRI/CT/3D-ERUS volumetry of tumor response for rectal cancer after CRT

Seierstad et al. (16) Pomerri et al. (15) Present study

Variables Nougaret et al. (13) Aiba et al. (18)
No. of patients 16 40

T stage LARC T3-T4
Image MRI MRI

Image reading Single radiologist

Tumor volume before 132+166 29.3 (3.5-262.3)
treatment/cm?® (mean or

median)

Tumor volume after 56+71 NR

treatment/cm® (mean or
median)

TVRR (mean or median) -68% (x27%)

Cut-off TVRR for good 68% 70%
responders

AUC of TVRR for good 0.9 0.85
responders

Sensitivity of TVRR for 86% 75%
good responders

Specificity of TVRR for 100% 83%

good responders

Radiologist and surgeon

-60% (23.5% to —92.9%)

69 25 54
T2-T4 T2-T4 LARC
MRI CT 3D-ERUS

Single radiologist Two radiologists Single sonographer

16.1 (1.1-293.4) 30.93 13.26 (8.56-19.64)

2.8 (0.2-89.9) 13.06 3.92 (2.79-7.08)

-65% (26.2% to -96.4%) 54.02%+28.77% -65.94% (-79.39%

to —53.98%)

78.2% NR 68%
0.72 NR 0.83
32.7% NR 76%
100% NR 83%

NR, not reported; CRT, chemoradiation therapy; TVRR, total volume reduction rate; 3D-ERUS, three-dimensional endorectal ultrasound;
LARC, locally advanced rectal cancer; AUC, area under the curve; MRI, magnetic resonance imaging; CT, computed tomography.

Long-term outcomes were further analyzed. TVRR
appears to be a good method for reproducible assessment
of TRG 0 and might be helpful in predicting long-term
outcomes. Though the 3-year DFS, RFS, and OS rates were
higher for complete response or good responders compared
to patients with partial response and poor responders, the
differences did not differ significantly. The small sample size
and relatively short follow-up period might be responsible
for these results.

To date, this is the first study using 3D-ERUS volumetry
to assess the treatment response of CRT for rectal cancer.
US is not recommended as a method of measuring lesion
size because of its poor repeatability and high operator
dependence, which cannot guarantee that the same
technique and measurements will be taken from one
assessment to the next (35). However, as 3D-ERUS emerges,
its volumetry application for evaluating tumor size might
be feasible. 3D-ERUS can carry out 3D reconstruction of
the rectum and its surrounding tissues automatically. Whole
images of 3D-ERUS with multiple slicers can be recorded

© Annals of Translational Medicine. All rights reserved.

in video format in order to be reviewed after examination
by another operator. In particular, the 3D-ERUS image can
be re-evaluated from all dimensions, in coronal, sagittal, or
axial planes after image collection, as with MRI and CT.
Richer spatial and diagnostic information can be provided
by 3D US compared with 2D US, since 3D US is capable
of containing multiple standard planes in one shot, thereby
potentially reducing operator-dependence and improving
scanning efficiency (36). Given its automatic capture and
storage of images and reduced operator independence, it
is feasible to use 3D-ERUS to measure the tumor volume
changes of rectal cancer.

However, there are several limitations in this study.
First, the time point to evaluate volume changes and the
CRT treatment plan were not consistent among patients
due to the retrospective design of the study. Several MRI
volumetry (13,18) studies have indicated that four 2-week
cycles of CRT show higher sensitivity in identifying good
responders. Individual differences in initial sensitivity to
treatment might be taken into consideration, so repeated
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3D-ERUS imaging at different time points during CRT
should be considered to personalize the treatment.
Repeated 3D-ERUS imaging examinations are more
affordable for patients compared to repeat MRI. Second,
interobserver variations between observers could not be
assessed in this study, as tumor volumes were measured by
only one sonographer. Third, this study has a retrospective
design with a relatively small sample size. Fourth, the tumor
volume measured on 3D-ERUS did not compare with
that on MRI directly. To complement this limitation, we
compared previous MRI and CT volumetry studies with
our 3D-ERUS volumetry study.

In addition, this study was typically based on
morphological changes rather than functional changes.
Functional imaging techniques including functional MRI or
PET/CT have great potential and are expected to evaluate
physiological or molecular features and depict earlier
treatment response (18-20,37,38), though some recent
studies related to functional imaging did not show favorable
results when compared to TVRR (18,38). MRI-TVRR was
shown to be the most accurate factor in evaluating tumor
response to CRT, and additional FDG-PET/CT did not
increase the diagnostic accuracy of MRI in the research by
Aiba er al. (18). However, the efficacy of contrast-enhanced
US for evaluating tumor response after CRT for LARC
patients remains under investigation.

Conclusions

T-restaging on 3D-ERUS for LARC patients after CRT
presents low sensitivity, especially for identifying cases with
TO stage. The use of 3D-ERUS-assessed tumor volume
changes after CRT can predict the tumor response, and
TVRR could be an effective indicator in the prediction
of good response and complete response during clinical
practice.
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